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EXECUTIVE SUMMARY

The U.S. Department of Energy's (DOE) Hanford Facility near Richland, Washington
has been operated by the Federal Government since 1943 for plutonium production for military
use, and nuclear energy research and development. Past activities released waste to the
environment that contaminated soil and groundwater with hazardous/dangerous waste, and
radioactive contaminants. The remedy selection process for remediation of operable units
located along the Columbia River is scheduled to commence in the fall of 1994. Based on
significant public input to date, it is anticipated that the remedies selected for these operable
units may include removal of waste from proximity to the Columbia River and isolation of the
waste in a central location. The purpose of this remedial investigation/feasibility study (RI/FS)
is to evaluate alternatives to allow the removal of contaminants from portions of the Hanford
Site (including near the Columbia River) in a timely manner such that those remediated portions
of the Site to be released for other productive uses.

This RI/FS evaluates alternatives for placement of remediation waste generated during
remediation of CERCLA and RCRA past practice sites on the Hanford Site. With the exception
of the no-action alternative, all of the alternatives evaluated in this RUFS include a RCRA
Corrective Action Management Unit (CAMU) referred to as the Environmental Restoration
Disposal Facility (ERDF). The ERDF would serve as the receiving facility for most of the
waste excavated during remediation of CERCLA and RCRA past-practice sites. The primary
element of the ERDF is a single trench excavated below existing grade that will be filled with
remediation waste and closed with a protective surface barrier. Supporting facilities, such as
administrative buildings, railroad spurs, waste off-loading and transport equipment,
decontamination facilities, etc, will also be included as part of the ERDF. In accordance with
the CAMU regulations (40 CFR 264.552), only remediation waste that originates within the
Hanford Site may be placed in the ERDF. The waste is expected to consist of
dangerous/hazardous waste, PCB and asbestos waste, low-level radioactive waste, and low-level
mixed waste (containing both dangerous and radioactive waste). The CAMU requirements are
specifically addressed in a CAMU application document included as part of the regulatory
package.

The Hanford Facility Federal Agreement and Consent Order (Tri-Party Agreement) was
signed by the U.S. Environment Protection Agency (EPA), the Washington State Department of
Ecology (Ecology), and DOE to provide for cleanup of the Hanford Site. In the most recent
Tri-Party Negotiations (Ecology et al. 1994) it was agreed that a pilot project to demonstrate
National Environmental Policy Act (NEPA)/CERCLA functional equivalency would be
conducted for the ERDF project. Therefore, the scope of this document has been expanded to
address NEPA values not normally considered in a CERCLA RI/FS. Many of the NEPA
values, such as a description of the affected environment (including meteorology, hydrology,
geology, ecological, and land-use), applicable laws and guidelines, short-term and long-term
impacts on human health and the environment, emissions to water and air, and cost, are
included within a typical CERCLA RI/FS. Other NEPA values not normally addressed in a
CERCLA RI/FS, such as socioeconomics, cultural resources, and transportation, have been
evaluated in this document. A NEPA roadmap document, which describes where NEPA values
are addressed, has been prepared as part of this regulatory package.

ERDF Proposed Site. The proposed site will cover 4.1 square kilometers (1.6 square
miles) on the 200 areas plateau at an elevation of 195 to 226 m(640 to 740 ft) above mean sea
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level (AMSL), approximately in the center of the Hanford Site, southeast of the 200 West Area

and southwest of the 200 East Area. Placement of the ERDF on the 200 Area plateau would
facilitate consolidation of waste management activities away from the Columbia River at a
relatively high ground surface elevation (with a corresponding greater depth to groundwater).

No waste units are located within the ERDF site. However, contaminated groundwater
related to discharge of chemical processing wastewater in the 200 West Area has migrated
beneath the ERDF site. Contaminants present in groundwater at the site are: tritium, iodine
129, technetium 99, gross alpha, gross beta, chloroform, nitrate, chromium and carbon
tetrachloride. The highest concentrations of contaminants are generally found at the points
nearest the 200 West Area, which is at the west end of the ERDF. Remediation of these plumes
will be addressed in the RI/FS process for the 200 Area operable units.
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generally from west to east. Groundwater discharge is ultimately to the Columbia River.

Hydrogeology. The vadose zone beneath the ERDF site is estimated to range from 70
to 90 m (230 to 300 ft) thick and consist of the following lithologic units: Hanford Formation
sediments, Plio-Pleistocene, the upper Ringold unit and Ringold Gravel unit "E". The
suprabasalt aquifers beneath the proposed ERDF site consists of the fluvial sands and gravels of
the Ringold Formation and the lower Plio-Pleistocene Formation. The silts of the Plio-

-_ Pleisloceneunit.the_upper Ringold unit-and the Ringold-low€r-mud-unit ma`f-act-as-aqu .ards or
sonfining-unitswithin-the aquifer. The uppermost aquifer beneath the proposed ERDF site is
contained primarily within unit E of the Ringold Formation. The lower mud unit of the Ringold
Formation is known to occur beneath this aquife[inShe western_sideof_tlte sitebut the lateral
extent is not known beneath the eastern side of the ERDF. Where the lower mud unit is
present, confined aquifer conditions exist in unit A of the Ringold Formation. Units A and E of
the Ringold Formation would be combined in a single unconfined aquifer in areas where the
lower--mud uttit is :tot prese.n.t. The thick.ws of the uppermost aquifer beneath the ERDF
generally appears to range from20to 70 m(65-230 ft). Groundwater flow beneath the site is

Cultural Resources. The Hanford Cultural Resources Laboratory (HCRL) conducted
cultural resources survey of the ERDF site and surrounding area during the summer of 1993.
The survey identified four archaeological sites, one paleontological site and nine isolated
a^ ifac*s. ^ne isolated artia,t (a cobble tool) was also identified during a previous survey.
None of the sites were considered eligible for the National Register. However, HCRL stated
that two of the archeological sites may represent part of the greater Euro-American ranching
community in Southeast Washington State and may be considered regionally or locally
significant viewed in this context. The two sites are located outside of the ERDF boundaries.

Ecological Resources. Ecological surveys of the ERDF site found it to be primarily
undisturbed shrub-steppe habitat that had not sustained significant fire damage. The recent
surveys identified long-billed curlews, sage sparrows, and loggerhead shrikes as nesting in the
area. Grasshopper sparrows were present and possibly nesting at the site. Swainson's hawks
were observed hunting in the area. Burrowing owls, while not observed during the surveys,
have been seen at the site in the past and are presumed to currently inhabit the area.

Mature shrub-steppe provides important habitat for a number of plant and animal species
of concer,i that depend on the shrub component, usually sagebrush, for nesting, food and
protection. Bitterbrush shrubs provide browse for a resident herd of wild mule deer. Certain
passerine birds rely on sagebrush or bitterbrush for nesting (i.e., sage sparrow, sage thrasher,

-- andloggerhead-$}trike).- i naoarhn^ri chr.Lor are year round res idents_..be .................^.,., o.tthat are present at low
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densities. Sage sparrows are common summer residents of the Hanford Site that are restricted
almost entirely to sagebrush stands. Mature shrub-steppe habitat also provides prime foraging
habitat for a variety of raptor species. Shrub-steppe habitat available for species of concern on
the Hanford Site may become a more critical issue as agricultural, industrial and urban
development decrease the amount of this habitat type in eastern Washington.

The remaining undisturbed shrub-steppe habitat at the Hanford Site is considered
priority habitat by the State of Washington due to its relative scarcity in the state and its
importance as nesting, breeding and foraging habitat for state- and federal listed or candidate
sensitive species.

No plants, birds, or mammals on the federal list of Endangered and Threatened Wildlife
and Plants (50 CFR 17.11, 17.12) are known to reside or occur at the ERDF site. There are,
however, several species of both plants and animals that are of concern or are under
consideration for formal listing by the federal government and Washington State.

Waste Characteristics. It is anticipated that the ERDF will receive waste from the
100, 200, and 300 Areas. The total volume of waste is expected to be less than 21.4 million m'
(28 million yd') and is expected to consist of the following: contaminated soil and demolition
debris associated with process wastewater disposal units and unplanned releases (approximately
65-75%); burial ground waste (approximately 15-20%); and wastewater pipelines, ancillary
equipment, and associated soil contamination (approximately 10-15%). Waste generating
activities and waste units for each of the areas are briefly discussed below:

The 100 Area includes nine water-cooled, plutonium production reactors that were built
along the shore of the Columbia River upstream from the now-abandoned town of Hanford.
Waste units in the 100 Area include cooling water retention basins, pipelines, river outfall
s. , . .

so lid
. .

u:ctures; su s ace proess water disposal units (e.g., french arazns , soua waste burial
grounds, and unplanned releases (i.e., spills). 100 Area waste includes soil, sediments, sludges,
burial ground waste, and demolition debris (e.g., pipe and concrete).

Historically, the 200 Area was used for nuclear fuel reprocessing, plutonium recovery,
and waste management and disposal. Although highly radioactive liquid wastes were discharged
to numerous subsurface disposal units in the 200 Area, the resulting high-activity contaminated
soils are not considered likely waste materials for the ERDF. Waste units where remediation
may result in disposal of materials in the ERDF include 24 migration sites (consisting of surface
soils co^.*w:na°•'a.. duea..e .«. t„ spills or wind-blown dispersion of radioactive materials) and an
extensive network of pipelines and ancillary equipment with associated soil contamination due to
leaks.

Activities in the 300 Area have historically been related primarily to the fabrication of
nuclear fuel elements. In addition, many technical support, service support, and research and
development activities related to fuel fabrication and reactor testing were carried out. Current
R&D activities focus on peaceful uses of plutonium, liquid metal technology, fast-flux test
facility support, gas-cooled reactor development, life science research, and Tri-Party Agreement
support. The primary waste units in the 300 Area include unplanned releases, process sewer
piping, process sewer ponds and trenches, and burial grounds.

Fate and Transport. Groundwater modeling was based on the following conceptual
model: As recharge from the ground surface percolates through the waste it dissolves
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contaminants to form leachate. The contaminant concentration in the leachate is controlled by
soil-water partitioning unless the leachate concentration is predicted to exceed the constituent
solubility, in which case the concentration is solubility limited. Leachate from the facility
migrates through the vadose zone to the groundwater table. The rate of migration is controlled
by the rate of infiltration, the moisture content, and retardation. Constituent concentrations may
be a unction of radioactive decay, volatilization, biodegradation, and dilution. When the
leachate reaehes the saturated zone, it is subsequently diluted in groundwater. Finally, the
leachate migrates towards the ERDF boundary in the direction of groundwater flow. Further
retardation and decay can occur in the saturated zone.

A spreadsheetmodel was-developed to simulate the conceptual model described above.
Maximum concentrations are identified for all the constituents detected in wastes in the 100,
200, and-300Areasand used as source concentrario„-s in the fate and transport model.
Parameters for the fate and transport spreadsheet model were developed to represent the
hydrogeological conditions of the ERDF site, the physical and chemical properties of the waste
form, and the fate and transport properties of each contaminant constituent. Constituent-specific
parameters include soil/water partitioning coefficient (Kd), decay or degradation rate, and
solubility. The parameter estimation relied first on ERDF-specific information and then on
Hanford Site background information when available. Non-Hanford Site information was
utilized as a last resort.

Groundwater background screening was conducted to identify the constituents which
could occur in concentrations that are elevated over naturally-occurring chemical concentrations.
Constituents were evaluated by comparing the predicted groundwater concentrations with the
Hanford Site background groundwater concentrations. Those constituents with predicted
groundwater concentrations less-thau-background are not considered to represent risk to- -
groundwater and are eliminated from further consideration. Calcium, iron, magnesium,
strontium, and sulfate were eliminated from the list of groundwater contaminants.

Groundwater modeling results indicated that certain contaminants will be found in
groundwater at extremely low concentrations (e.g., less than one part per trillion). To
streamline the risk assessment process, it is helpful to define groundwater concentrations that,
for all practical purposes, are indistinguishable from zero. For the purpose of this discussion,
these concentrations are called de minimis concentrations. If a modeled groundwater
concentration is less than a de minimis concentration, then the contaminant is considered absent
in groundwater. The de minimis concentration is 5x10'' mg/L for non-radioactive contaminants,
and 1x10-= pCi/L for radioactive contaminants. Most of the organic compounds and many of
the radionuclidesns are eliminated in the de minimis screening. Due to their lack of degradation
or decay, all of the toxic or carcinogenic metals and anions detected above background are
retained.

Constituents of Potential Concern. A risk-based screening process and comparison to
ARARs is used to identify contaminants of potential concern. The risk-based screening process
involves the calculation of risk-based screening concentrations, which consider both non-
carcinogenic and carcinogenic effects. Risk-based screening concentrations are soil or
groundwater concentrations that correspond to a hazard quotient (HQ) of 0.1, or lifetime
incremental cancer risk (ICR) of 1x10'' using residential scenario exposure parameter values.
These screening values are an order of magnitude less than CERCLA risk-based criteria.
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If the maximum concentration detected for a contaminant exceeds a risk-based screening
concentration and/or an ARAR for that contaminant, it is retained for evaluation in the risk
assessment. Otherwise, the contaminant is eliminated from the risk assessment process.
Because the screening criteria for ICR and HQ are an order of magnitude less than CERCLA
risk-based criteria, the screening process provides a high degree of confidence that these
eliminated contaminants pose only an insignificant risk to human health or the environment.
Contaminants of potential concern are identified separately for soil and groundwater.

Base Conditions Risk Assessment. A base conditions risk assessment was conducted to
determine the human and ecological impacts associated with placement of Hanford remediation
waste in the ERDF with a minimal soil cover, no liner, and no treatment. This scenario was
intended to represent the risk associated with a non-engineered ERDF design and does not
account for any of the protective features of the design alternatives discussed below.
Furthermore, it was assumed that all the waste in the ERDF was characterized by the maximum
concentration detected in 100, 200, and 300 Area waste units. For these reasons, the predicted
risks provided below for base-conditions are conservatively biased and are not actual risks that
any receptor population would experience.

Risks are expressed in terms of incremental cancer risk (ICR) and hazard quotient (HQ).
The ICR represents the additional cancer risk to_a human receptor due to exoosure to a
carcittogenit'; (tancer=`ausiiig) contaminant. ICR is generally expressed in terms of the
probability of cancer genesis, and is generally expressed in scientific notation. For example, a
incremental cancer risk of 1x101 means that on average, 1 in a million receptors will contract
cancer. CERCLA has established that incremental cancer risks between 1x10-6 and 1x104 are
acceptable and that risk below 101 are inconsequential. Because the asumption used are only
valid for risks less than Ix102, any predicted risks greater than this level are reported as
"greater than 1x101." HQ is a measure of non-carcinogenic risk and is expressed as the ratio of
contaminant intake to a reference dose. The reference dose is the dose at which adverse health
impacts are believed to occur. Therefore, HQs below 1 should not result in any adverse health
impacts.

Human health effects associated with soil exposure for the base conditions scenario were
predicted to include an total incremental cancer risk (ICR) of greater than Ix10'2 (I in a 100)
and hazard quotients (HQs) greater than 1 for 11 contaminants. The contaminants with ICRs
greater than 1x101 (1 in 10,000) were cesium-137, europium-152, and uranium. The 11
contaminants that exceeded a HQ of 1 were all metals and included aluminum, antimony,
arsenic, barium, chromium, copper, mercury, nickel, silver, thallium, and vanadium.

As described above, groundwater fate and transport modeling was conducted to predict
concentrations in groundwater downgradient of the ERDF under base conditions. The most
mobile contaminants reached groundwater in approximately 500 years. Contaminants that did
not reach groundwater within 10,000 years were not included in the risk estimates. Most of the
contaminants were predicted to result in extremely low groundwater concentrations (i.e., less
than one part per trillion) that present insignificant health risk. The total ICR associated with
the groundwater pathways was > Ix10-2 (1 in a 100) and HQs greater than 1 were predicted for
six contaminants. The contaminants with ICRs greater than 1x10d were arsenic, carbon-14, and
uranium. The six contaminants that exceeded an HQ of 1 were antimony, arsenic, chromium,
fluoride, nitrite, and selenium.
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Ecological risk is expressed in terms of an environmental HQ (analogous to the human
heaith HQ) for non-radionuclides and radiological dose for radionuclides. The ecological risk
assessment predicted environmental HQs greater than 1 for seven contaminants: benzo(a)pyrene,
aluminum, barium, copper, manganese, mercury, and zinc. The total radiological dose after 100
years was predicted to equal 0.8 rad/day (primarily due to cesium-137 and uranium). A dose of
1 rad/day is generally considered acceptable for ecological receptors.

Remedial Action Objectives. Remedial action objectives (RAO) were developed to
focus the development, screening, and analysis of remedial alternatives to ensure that they are
protective of human health and the environment. RAOs are based on a variety of factors, of
which the primary driver are applicable or relevant and appropriate requirements (ARARs). A
discussion of pertinent chemical, location, and action specific ARARs is provided in the main
body of the text. The following remedial action objectives have been identified for the ERDF:

- ,. -`.h--"- ^ of contaminants^; uppo.. .,.^ .^,..ova, o. ^from portions of the Hanford Site
(including near the Columbia River) in a timely manner: This is the overall
objective of this action and to based on public opinion that contaminants should
be removed from near the Columbia River as soon as possible. This opinion is

"` _-based-on concern regarding ,,,..we..,, ...0 imŶacts of these contaminants on theg... yv

`'-' r„t,,,nbia Rivor and the desire to release the remediated areas for other-----
ry productive uses.

2) Prevent unacceptable direct exposure to waste: Direct exposure to the types
of waste received at the ERDF, via external exposure, dermal contact, or
ingestion, could result in unacceptable health risks to humans and biota.
Preventing unacceptable exposure to wastes at the ERDF is important during
operation of the facility (i.e., during waste transport and filling operations), and
following closure. Once the ERDF is closed, direct exposure to waste is only
possible if institutional controls fail and the surface barrier is breached.

3) Prevent unacceptable contaminant releases to air: Inhalation exposure to the
types of waste received at the ERDF could result in unacceptable health risks.
Similar to the direct exposure pathway, inhalation of waste could occur during
oper6p4IoF-of the

F.^.,. ..F. ^ttt^.e the L^-D C is^ closed, releases are •..... ^ , at only posstble
if institutional controls fail and the surface barrier is breached.

4) Prevent contaminant releases to groundwater above ARA.Rs and health-
based criteria: Migration of contaminants through the unsaturated zone to
groundwater could result in unacceptable human exposure to contaminants
hundreds to thousands of years in the future. Protecting groundwater beneath
the ERDF also results in protecting the Columbia River.

5) Minimize ecological impacts: Construction of the ERDF will result in harmful
impacts on the ecology of the ERDF site and the quarry sites providing
materials for ERDF construction. Because significant value is attached to the
ecology at these sites, ecological impacts will be minimized and/or mitigated to
the maximum extent possible.

Screening of Remedial Technologies. The primary technologies evaluated in this
__-report relatc-te-the-:on€tgt:ratior. and design of the-waste containment unit, including geometry
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of the trench excavation, liners, and surface barriers. Technologies related to institutional
controls, surface water management, dust control, and treatment of waste waters are also
addressed. The remediation technologies are screened using the criteria specified in 40 CFR
300.430(e)(7) of the National Contingency Plan (NCP), including effectiveness,
implementability, and cost.

Development of Alternatives. The retained technologies were assembled into 9 design
alternatives (in addition to the no-action alternative). The nine alternatives represent
combinations of three trench liner options with three surface barrier options. The purpose of
the liner is to collect leachate generated due to precipitation percolating through the waste before
the surface barrier is placed over the waste. The synthetic portions of the liners are not
intended to last for more than several decades. The purpose of the surface barrier is to
minimize the potential for intrusion into the waste and reduce or eliminate infiltration through

the waste after closure.

The three trench liner options include no trench liner, a single composite liner, or a
RCRA minimum technology requirements (MTR) double composite liner. The single composite
liner consists of the following three primary units:

Operations layer - clean fill 0.9 m(3 ft) thick, to protect the liner
against damage from construction and waste placement equipment, and
also against freezing in the exposed portions of the liner.

Drainage layer - a drainage gravel layer overlain by a geotextile
separator to prevent silting of the gravel by the operations layer. The
gravel layer directs infiltration percolating through the waste to a
collection sump where it is pumped out of the trench. A geocomposite
(a geonet sandwiched between layers of geotextile) is used instead of
gravel on the side slopes of the trench.

Low-permeability liner - a synthetic high-density polyethylene (HDPE)
geomembrane over 0.3 m(1 ft) of compacted clay with a permeability
no greater than 1x10'' m/s (2.8x10° ft/day). Use of two liners provides
redundant low permeability; the synthetic membrane protects the clay
against desiccation, and the clay provides a thick liner capable of some
self-healing with settling and other geological stresses. A geotextile
cushion overlies the HDPE geomembrane to minimize damage during
placement_of the drainage layer.

The double composite liner is similar to the single liner except that it includes a
secondary HDPE liner and leachate collection system directly beneath the primary HDPE liner.
In addition, the thickness of the clay is increased from 0.3 m(0.9 ft) to 1 m(3 ft).

The surface barrier options include a low-infiltration soil barrier, a Hanford barrier, or
modified Hanford Barrier. All three barriers are at least 4.6 m(15 ft) thick to preclude the
excavation intrusion scenario and include passive controls (such as surface and subsurface
markers) to deter intrusion. In addition, all the barriers include vegetated fine-grained soil
layers at the surface to maximize moisture retention and evapotranspiration and thereby reduce
the rate of infiltration. The Hanford and modified Hanford barriers also include a low-
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permeability asphalt layer to divert moisture that passes the evapotranspiration layers beyond the
horizontal limits of the waste.

The alternatives are listed below:

• Alternative 1 - No action
• Alternative 2 - No liner and a low-infiltration soil barrier
• Alternative 3 - No liner and a modified Hanford barrier
• Alternative 4 - No liner and a Hanford Barrier
• Alternative 5 - Single composite liner and a low-infiltration soil barrier
= Alternative 6 - Single composite liner and a modified Hanford barrier
• Alternative 7 - Single composite liner and a Hanford Barrier
• Alternative 8- RCRA double composite liner and a low-infiltration soil

barrier

• Alternative 9 - RCRA double composite liner and a modified Hanford
barrier

s. 3 • Alternative 10 - RCRA double composite liner and a Hanford BarrierwF::Z
rc

Evaluation of the no-action alternative is required under CERCLA (40 CFR
300.430(e)(6)). The no-action alternative for this FS consists of not constructing a centralized

CAML?on the Ha______ tonfnrd Sitettn tn arrnm.._..,,.....madate remediation waste from Hanford Site past-practice
operable units. implementation of the no-action alternative would result in the necessity for
each operable unit to develop alternatives that include in-situ treatment and/or containment, or
disposal facilities at the operable unit.

The remaining aiternatives all include institutional controls, dust control, surface water
management, wastewater treatment, transportation systems (such as a new rail spur), buildings,
a grout batch plant, equipment for internal and external communications, emergency response
equipment, and personnel protection. In addition, all of the alternatives (other than no-action)
utilize the deep area-filltrenchconfiguration.a single trench design app_roximately 20 m(70 ft)
deep and 300 m(1,000 ft) across. This trench configuration minimizes the footprint (areal
dimensionsl of thefacility.'fhe reducedfootprint-of the deep-area5ll desig^., offers the
iuliowing advantages in comparison to other configurations:

= Less habitat disruption,
• Less leachate generation,
• Reduced material needs (thus, reduced ecological and cultural impact on

borrow areas),
Lower costs for the liner and barrier.

Using the deep area-fill configuration, the disturbed area of the ERDF, including the
trench, roads, and supporting facilities, is estimated to be 2.6 km' (650 acres or 1.0 miZ).

Acceptable soil and leachate concentrations. Acceptable soil and leachate
concentrations were developed for the contaminants identified in potential waste from the 100,
200, and 300 Areas. These concentrations will be included as part of the waste acceptance
criteria for ERDF waste to ensure that human and ecological exposures will be less than
acceptable standards for the foreseeable future.
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The acceptable soil concentrations were based on exposure to soils due to the 500-year
drilling scenario. This scenario was determined to be a reasonable exposure scenario given the
protective measures included in the ERDF design such as active institutional controls, passive
controls, and a minimum 15-foot thick surface barrier. Based on a comparison with maximum
contaminant concentrations in 100, 200, and 300 Areas waste units, it appears that most of the
waste will meet the acceptable soil concentrations. Waste with soil concentrations that exceed
the acceptable levels will require mixing with cleaner soils to reduce concentrations to
acceptable levels. For the contaminants that may exceed acceptable levels (metals and
radionuclides) no treatment technology exists for reducing concentrations.

Acceptable leachate concentrations were developed to provide protection of
groundwater. It is likely that much of the waste received at the ERDF will achieve the leachate
criteria without treatment. If this is not the case, however, then the waste will likely require
treatment before disposal in the ERDF. For purposes of the detailed evaluation in this report, it
was assumed that the wastes would comply with the leachate criteria.

Detailed Evaluation. The NCP provides nine criteria for detailed evaluation of
alternatives. Because the no-action alternative does not satisfy the overall objective of this
action to "support the removal of contaminants from portions of the Hanford Site (including
near the Columbia River) in a timely manner to allow those remediated portions of the Site to
be released for other productive uses" it is not evaluated further. Results of the detailed

evaluation of alternatives for the remaining alternatives are summarized below:

1) Overall protection of human health and the environment: This criteria draws on the
assessments of other evaluation criteria, especially long-term effectiveness and
permanence, short-term effectiveness, and compliance with ARARs. As discussed
below under these criteria, all the alternatives (except the no-action alternative) fulfill
the objectives specified regarding long-term protection of human health and the
environment while insuring protection of worker and public health during operations.

2) Compliance with ARARs: The determinations provided in Chapter 7 for action- and
location-specific ARARs are valid for all the alternatives except the no-action
alternative. In general, all the alternative except the no-action alternative attain ARARs
identified in Chapter 7. The only exception is the TSCA requirement that wastes with
more than 50 ppm polychlorinated biphenols (PCBs) be disposed in a lined facility. In
order to accept wastes with PCB concentrations greater than 50 mg/kg, Alternatives 2,
3, and 4 (no liner) would require a waiver under CERCLA. The remaining alternatives
include liners and no waiver would be required. The TSCA waiver request could be
applied for based on the equivalent standard of performance criteria provided under
CERCLA. I?emonstration-Qfequivaletu standard of performance is justified by the
analyses in Appendix A of the RI/FS for an unlined trench, indicating that PCBs would
not impact groundwater beneath the ERDF.

The ERDF is being proposed as a Corrective Action Management Unit (CAMU). The
CAMU rule provides an option for onsite management of remediation waste previously
not available to facilities remediating materials subject to RCRA. The CAMU
regulations were promulgated to promote active remediation of contaminated sites, as
opposed to merely capping in place, by allowing more flexibility in management of
remediation waste, without compromising human health or the environment. In the
preamble to the CAMU Rule, EPA stated its expectation that the substantive CAMU
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Rule requirements will be applicable or relevant and appropriate requirements (ARARs)
for iite remediation of many CERCLA sites,-especialTythose sites where CERCLA
remediation involves the management of RCRA hazardous wastes. An evaluation of the
seven decision criteria required under the CAMU regulations determined that the ERDF
wil!-meet--adl-CAMU 3eciston-criteria-and designation of the F.-.Ri^iF as a CAiviIl is
appropriate.

3) Long-term effectiveness and permanence: Long-term effectiveness was measured in
terms of future risk to human health and the environment and qualitative assessments of
reliability. Future risks are associated with soil exposure resulting from intrusion into
the facility or exposure to groundwater impacted by migration of contaminants out of
the facility. The risks provided below differ from those presented above for base
conditions in that the benefits of protective measures such as passive controls and a
barrier-that reduces-i.nfil*ra+.ion are accounted for in the analysis. However, it was still
assumed that all the waste in the ERDF was characterized by the maximum
concentration detected in 100, 200, and 300 Area waste units and thus the results are
conservatively biased.

All of the alternatives (except the no-action alternative) include active institutional
controls (e.g., fences, signs, patrols), passive controls (e.g., markers and off-site
records), and a surface barrier that is at least 4.6 m(15 feet) thick. It is assumed that
institutional controls prevent intrusion into the waste for at least 100 years and that
passive controls prevent intrusion for 500 years. Furthermore, it is assumed that
because the waste is covered with at least 4.6 m(15 ft) of cover materials, intrusion into
the waste due to excavation is precluded._Since none-ofthe-evaluatedbarrierc can
prevent pene-trationby adtillingsig, however,-it is-reasonable to assume that someone
might inadvertently drill through the waste sometime after 500 years. Therefore, soil
exposures for both human and ecological health are calculated assuming the 500 yr
drilling scenario.

Groundwater impacts were calculated assuming that an engineered barrier is constructed
nver the facili;• to rninimize infiltration through the waste and maximize the travel time
to groundwater. In addition, it was assumed that the waste met the maximum leachate
concentration criteria (either with or without treatment) before it was placed in the
facility. For alternatives with liners, it was further assumed that all leachate was
retained-by LheHDPE liner-and-removed-by the leachate-collection-system for the-first
30 years of operation. In addition, the added travel time associated with migration
though the clay layer was accounted for in the analysis.

The human health risks associated with soil exposure resulting from the 500-yr drilling
scenario include a total ICR of 4x10'S (dominated by uranium) and a maximum HQ of
0.03 (associated with copper). These risks are the same for all the alternatives (except
no action). The predicted HQ and ICR associated with the 500-yr drilling scenario are
below the goals established in the Tri-Party Agreement of 1 for HQ and 1x10° for ICR.

For all the alternatives except the no-action alternative, none of the contaminants are
predicted to reach groundwater within 10,000 years under current climate conditions.
Risks after 10,000 years are considered highly uncertain given the potential for climatic
changes, geologic events, and human activities, and were not evaluated. Groundwater
concentrations and associated risks were also predicted assuming that the rainfall rate
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increased from the current average for Hanford of 18 cm (7 in.) to 40 cm (16 in.) at
100 years. This scenario was intended to represent either a wetter climate or irrigation
on top of the ERDF. Although the results of these analyses are intended to demonstrate
potential effects associated with climate or land use changes, they should not be
considered the most likely scenario. The increased rainfall rate resulted in contaminant
travel times from the ERDF to groundwater that were as low as 150 years and the
predicted risks ranged from 2x10'S to 3x10' for ICR and 0.8 to 7 for HQ. Differences
in the results were primarily due to differences in the type of barrier; the shorter travel
times and higher risks occurred when the alternative included the low-infiltration soil
barrier and the longer travel times and lower risks occurred when the alternative
included the Hanford or modified Hanford barriers. Because leachate collection is
assumed to last only 30 years and the rainfall rate does not increase for 100 years, only
minor differences in risks and travel times can be attributed to the liners.

The maximum ecological health risks associated with soil exposure resulting from the
500-yr drilling scenario include a total radiological dose of 0.6 rad/day (dominated by

C__D uranium) and an environmental HQ of 12 for copper. The remaining environmental
° HQs were less than 0.05. It should be noted that the background concentration of

copper in soil (28.2 mg/kg) results in an environmental HQ of 3, which has not resulted
in adverse impact to the environment. It is evident that the environmental exposure
analysis results in an overestimate of risk to environmental receptors and it is likely that
the intrusion scenario will not result in adverse impacts to the environment from any
potential contaminants disposed in the ERDF. These risks are the same for all the
alternatives (except no action).

Reliability in terms of protection against intrusion and erosion will be important if
institutional controls were no longer in place. All of the barriers include gravel in the
upper soil layer to reduce erosion of the upper silt layers; however, this gravel admix
layer is thicker in the Hanford Barrier. To discourage penetration by deep-rooted plants
and burrowing animals, the Hanford Barrier employs a crushed basalt layer that
provides a hostile environment for plants (little-to-no moisture, no nutrients, large grain
size), and a densely compacted asphalt layer. The modified Hanford Barrier employs
the asphalt layer and replaces the basalt with a thin layer of coarse-grained materials that
is likely to be less effective in preventing root penetration. The low-infiltration soil
barrier does not include an layers designed to prevent intrusion by plant roots and
animals a:.d relie; on u`tickrtess aione. Resistance to human intrusion is considered to be
primarily a function of barrier thickness, which is similar for all the barriers. In
summary, the Hanford Barrier offers the greatest protection against erosion and
intrusion in the absence of institutional controls and the modified Hanford barrier is
considered to be more effective than the low-infiltration soil barrier in this regard. The
barriers are considered to be equal with respect to resisting human intrusion.

Alternatives with trench liners offer several advantages over no-liner alternatives in
terms of reliability. The primary advantage is that any leachate generated during the
operational period will be retained by the trench liner and pumped out. A secondary
advantage of a leachate collection system is that it allows characterization of the leachate
generated in the waste. Knowledge of the leachate properties could be used to predict
future impacts on groundwater once the leachate collection is terminated or the trench
liner fails. The double composite liner offers a redundancy in leachate collection
systems not available in the single composite liner. The potential for flaws in the
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primary liner is uncertain, although it is probably low given the high level of
construction quality assurance planned for the ERDF. Furthermore, the rate of
degradation of a double composite liner will probably be similar to the degradation rate
for the single composite liner.

4)__ Reductionof_Toxicity,__Mobility, or Volume throttgh Treatment: This criteria was
not relevant to the evaluation since none of the alternatives include treatment.
Treatment options will be evaluated in the RI/FSs for the source operable units.

^...,.__

^

LJ^

q^_t

^-
,y

5) Short-Term Effectiveness: Short-term effectiveness includes risks to workers and the
public during implementation of an alternative, potential environmental impacts of the
alternative, and time until protection is achieved.

Op^ration of the ERDF will involve potential releases of waste during transport to the
ERDF and placement in the ERDF. Health risks for ERDF workers, other Hanford Site
workers, and the public due to exposure to waste contaminants were significantly less
than generally accepted standards under a variety of conditions, including: normal
operating conditions, a 24-hour period of high winds, and rupture of a waste container
due roa 2ransporrarion accidenr. Since the operation of the ERDF will be the same for
all the alternative, these risks would be the same for all the alternatives.

Environmental impacts associated with construction and operation of the ERDF will
occur at the ERDF, along the new rail spur, and at any quarry sites for barrier
materials. These impacts will include destruction of habitat, displacement of wildlife at
these areas, and disturbance of wildlife near these areas and along transport routes due
to noise and human activities. The impacted area at the ERDF site is estimated to be
2.6 km2 (650 acres or 1.0 mi^ although it may be greater depending on the final trench
design and waste volume. Ecological impacts at the ERDF will be mitigated to the
extent possible by using the deep area-fill trench configuration. Assuming a length of 8
ircri (outside tlte ERDF), and_an_impacsedLwzdth of 50 m(160 ft); the area impacted by
the new rail spur will be approximately 0.4 km2. Ecological impacts associated with
development of the borrow sites will depend on the type of barrier included in the
alternative. The Hanford Barrier is the only barrier that requires basalt and it also
requires the most silt. The modified Hanford barrier requires 50% and the low-
infiltration soil barrier requires 25% of the silt required by the Hanford Barrier. Since
none of the liners included in the alternatives will utilize any on-site materials, the
environmental impacts are not impacted by the type of liner. DOE is currently
developing a Hanford Site-wide plan in cooperation with the State of Washington
Department of Fish and Wildlife and the U.S. Fish and Wildlife Service for mitigating
these environmental impacts.

The time until remediation is achieved will depend on the rate that waste is delivered to
the ERDF and-wilLbe the same for all the alternatives (except the no-action alternative).

6) Implementability: The factors included under this criteria include technical
implementability, availability of materials and services, and administrative
implementability.

Technical implementability is determined by the complexity of the trench liner and
surface barrier designs. The complexity of the barriers decreases in the following
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order: the Hanford Barrier, the modified Hanford barrier, and the low-infiltration
barrier. The complexity of the liners decreases in the following order: the double liner,
the single liner, and no liner.

All the materials and services for construction of the liners are readily available from
off-Hanford Site venders and their availability is not expected to pose any
implementability problems. Some of the materials included in the barrier designs (silt
and crushed basalt) will come from sources on the Hanford Site and concern has been
raised regarding development of potential sources. In particular, cultural resources have
been identified at McGee Ranch, the proposed source of silt, that will likely require
mitigation before the site may be developed. In addition, basalt outcroppings on the
Hanford Site have religious significance to native american tribes and development of a
basalt source would require consideration of these cultural values.

None of the alternative require off-site transport, treatment, or disposal of waste. Since
CERCLA excludes administrative requirements of ARARs for on-site actions, no
permits will be necessary and no administrative difficulties are anticipated.

7) Cost: Common costs included within each of the alternatives (except the no-action
alternative) are summarized below:

Common Costs

Type Cost (millions)

Support Facilities $75

Permitting and Design $22

Trench Excavation $109

Operational Cost (over 25 years)
(Net Present Value)

$500
($255 present worth)

Ta al Common Costs
(Net Present Value)

$460

The net present values are calculated assuming a 6 percent discount rate. Total costs for
the alternatives can be determined by summing the common costs, the liner costs, and
the barrier cost for each of the alternatives in terms of net present worth. The net
present worth of the barrier is calculated assuming that the barrier is constructed 20
years in the future. Total costs for each alternative are summarized below:
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Total Costs for Remedial Alternatives.

f.^

^..,b

;^=z
.a _ Ap

,^.„...,

Alternative Total Costa (millions)

1. No Action Not Available

2. No Liner with Low-Infiltration Soil Barrier $500

3. No Liner with Modified Hanford Barrier $600

4. No Liner with Hanford Barrier $740

5. Single Liner with Low-Infiltration Soil Barrier $587

6. Single Liner with Modified Hanford Barrier $690

7. Single Liner with Hanford Barrier $826

8. Double Liner with Low-Infiltration Soil Barrier $680

-9-_ -Dauble Liner-withModift€d-Hanfard-Ba.:ier - - - a779

10. Double Liner with Hanford Barrier $920

a- *Iea.ured ir. te.:.s of:.et present value assuming a discount rate of 6 percent.

8) State acceptance: The Washington Department of Ecology has reviewed the RI/FS and
their comments have been resolved and incorporated.

9) Community acceptance: Assessment of this criteria may not be completed until comments
on the proposed plan are received. Public comments will be considered in remedy selection
for the record of decision.

Comparative Analysis. The results of the detailed evaluation are summarized in the
following table:
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Sununary Ranking of the Alternatives Against the Criteria.

Long-Term Short-Term Implementability Cost
Alternative Effectiveness Effectiveness

I NA NA NA NA

2 9 1 1 1

3 6 4 2(tie) 3

4 3 7 2(tie) 6

5 8 2 2(tie) 2

6 5 5 6(tie) 5

7 2 8 6(tie) 8

8 7 3 2(tie) 4

9 4 6 6(tie) 7

10 1 9 6(tie) 9

Notes:
1 - No Action
2- No Liner with Low-Infiltration Soil Barrier

3 - No Liner with Modified Hanford Barrier
4- No Liner with Hanford Barrier
5- Single Liner with Low-Infiltration Soil Barrier

6- Single Liner with Modified Hanford Barrier
7- Single Liner with Hanford Barrier
8 - Double Liner with Low-Infiltration Soil Barrier
9- Double Liner with Modified Hanford Barrier
10 - Double Liner with Hanford Barrier
NA - Not Available..

These results suggest the following conclusions regarding the primary components of the
alternatives:

Compared with the other barriers, the Hanford Barrier (Alternatives 4, 7, and
10) provide the best long-term protection of human health and the environment
but at the expense of greater impacts on the environment and higher costs.

Alternatives with the modified Hanford barrier provide similar long-term
effectiveness as the Hanford Barrier, but with lower cost and less ecological
impact.

The low-infiltration soil barrier provides the same groundwater protection as the
other two barriers under current climatic conditions for significantly less cost
and ecological impact. However, under hypothetical wetter climatic conditions,
this barrier allows greater infiltration (and thus shorter vadose zone travel times)
and less protection against biointrusion than the other two barriers.
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Because of the low infiltration rates associated with the surface barriers,
alternatives with no liner provide similar groundwater protection as alternatives
with a liner. Furthermore, the single liner is virtually equivalent to the double
liner in terms of groundwater protection.

• One advantage of lined alternatives is that they provide a means to determine the
valtdtt;ofassus3ptionsregasdingIeachate gener^°ti^vn and leawatc qiiaiity. If
these assumptions prove to be non-conservative, and potential groundwater
impacts are deemed unacceptable, then it would be possible to initiate corrective
action.
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LIST OF ACRONYMS

ABS dermal absorption factor
ACL alternate concentration limit

ALARA as low as reasonably achievable
ALI annual limit on intake
ALE Arid Land Ecology Reserve
amsl above mean sea level
AR Administrative Record

ARAR applicable or relevant and appropriate requirement
ARCL allowable residual contamination levels
ATSDR Agency for Toxic Substances Disease Registry
ASTM American Society for Testing and Materials
AWQC ambient water quality criteria
BEIR biological effects of ionizing radiation
BPA Bonneville Power Administration
CAA Clean Air Act
CAR corrective action requirement
CED committed effective dose
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations
COC contaminant of concern
CRDL contract required detection limit
CRQL contract required quantitation limit
CWA Clean Water Act
CsOPC contaminants of potential concern
DCG derived concentration guide
DOE U.S. Department of Energy
DOE-RL U.S. Department of Energy-Richland Field Office
Ecology Washington State Department of Ecology
EHQ environmental hazard quotient
EPA U.S. Environmental Protection Agency
ERA expedited response action
ERDA Energy Research and Development Administration
ERDF Environmental Restoration and Disposal Facility
FEMA Federal Emergency Management Agency
FFTF Fast Flux Test Facility
FML flexible membrane liners
FS feasibility study
GI gastrointestinal
HCRL Hanford Cultural Resources Laboratory
HDPE high density polyethylene
HEAST Health Effects Assessment Summary Tables
HI hazard index
HLW high-level waste
HMS Hanford Meteorological Station
HDPE high-density polyethylene
HQ hazard quotient
HSWA Hazardous and Solid Waste Amendments (of 1984)
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LIST OF ACRONI'MS (Cont.)

HSBRAM Hanford Site Risk Assessment Methodology
IAREC Irrigated Agriculture Research and Extension Center
IARC International Agency for Research on Cancer
ICR incremental cancer risk
ICRP International Council on Radiation Protection
IRIS Integrated Risk Information System
IRM interim remedial measure
LDR land disposal restrictions
LFI limited field investigation
LICR lifetime incremental cancer risk
LLW low-level waste
LOAELS lowest observed adverse effect levels
MCL maximum contaminant level
MCLG maximum contaminant level goals
MMI Modified Mercalli Intensity
MTCA Model Toxics Control Act
MTR minimum technology requirement
NAAQS national ambient air quality standards
NCP National Contingency Plan
NEPA National Environmental Policy Act
NERP National Environmental Research Park
NESHAP National Emission Standards for Hazardous Air Pollutants
NFFSC Nationai Severe Storms Forecast Center
NOAEL no observed adverse effects level
NPL National Priorities List
NRC Nuclear Regulatory Commission
OSHA Occupational Safety and Health Administration
PAH polyaromatic hydrocarbons
PCB polychlorinated biphenyl
PMF probable maximum flood
PNL Pacific Northwest Laboratory
PQL practical quantification limits
PSD Prevention of Significant Deterioration
PUREX plutonium-uranium extraction (Plant)
PVC polyvinylchloride
QRA qualitative risk assessment
RAGS Risk Assessment Guidance for Superfund
RAO remedial action objectives
RCRA Resource Conservation and Recovery Act of 1976
RCW Revised Code of Washington (State)
RfD reference dose
RI/FS remedial investigation/feasibility study
RO reverse osmosis
ROD record of decision
SD Aw^. e°c r'-:_^.c_-..`._

aaic ut uuunK W aLer Act

SEPA State Environmental Policy Act
SER siting evaluation report
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LIST OF ACRONYMS (Cont.)

SF slope factor
SMCL secondary maximum contaminant level
SPF standard project flood
SQL sample quantitation limit
SSE safe-shutdown earthquake
TBC to be considered
TRU transuranic waste
TSCA Toxic Substances Control Act
TSD treatment, storage, or disposal
TWRS Tank Waste Remediation System
UCL upper confidence limit
UTL upper tolerance limit
VF volitilization factor

VOA volatile organic analysis
VOC volatile organic compounds
WAC Washington Administrative Code
WHC Westinghouse Hanford Company
WIDS Waste Identification Data System
WIPP Waste Isolation Pilot Plant
WISHA Washington Industrial Safety and Health Act
WPPSS Washington Public Power Supply System
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1.0 IIVTRODUCTION

--- ----- --This-renledial-invcatigation/feasibiiiiy study k'rUINS) document examines construction and
operation of the Environmental Restoration Disposal Facility (ERDF) for the U.S. Department of
Energy's (DOE's) Hanford Site in Richland, Washington. The ERDF has been proposed to serve

as the receiving facility for waste generated due to remediation of Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA) past practice units and Resource
Conservation and Recovery Act (RCRA) corrective action activities at the Hanford Site. In
accordance with the Code of Federal Regulations (40 CFR 264.552) and the Washington
Administrative Code (WAC 173-303-646), a separate application for designation of the ERDF as a
RCRA Corrective Action Management Unit (CAMU) is being prepared. In accordance with
CERCLA RCRA CAMU requirements, only remediation waste that originates within the Hanford
Site may be placed in the ERDF. Remediation waste is defined under 40 CFR 260.10 as all solid

and hazardous wastes, and all media (including groundwater, surface water, soils, and sediments)
and debris, which contain listed or characteristic hazardous wastes, that are managed for the
purpose of implementing corrective action requirements. The remediation waste is expected to

consist of hazardous/dangerous waste, polychlorinated biphenol (PCB) waste, asbestos waste,
radioactive waste, and mixed waste (containing both hazardous/dangerous and radioactive waste).

The ERDF would initially be authorized with a Record of Decision under CERCLA and
permitted as a CAMU under RCRA with EPA as the lead agency. Once the State is granted
authority for administration of the Hazardous and Solid Waste Amendments of 1984 (HSWA), and
the CAMU is included as a modification in the Hanford Facility RCRA permit, the State would be
the RCRA Corrective Action lead agency. EPA will retain authority under CERCLA.

1.1 BACKGROUND

The Hanford Site is a 1,450 kmZ (560 miz) tract of land located along the Columbia River

insoutheasteraWashington-anrl covers portions-of Benton,l'irant, Frattklir. a.^.d Adatns countiw
(Figure 1-1). Operated by the federal government since 1943, its primary mission has been
plutonium production for military use, and nuclear energy research and development. These
activities included releases of wastes to the environment that resulted in contamination of soils and
groundwater with hazardous/dangerous and radioactive constituents.

The Hanford Site is divided into numerically designated operational areas, including the
100, 200, 300, 400, 600, and 1100 Areas. In November 1989, the U.S. Environmental Protection
Agency (EPA) placed the 100, 200, 300, and 1100 Areas on the National Priorities List (NPL)
contained within Appendix B of the National Oil and Hazardous Substance Pollution Contingency
Plan (NCP, 53 FR 51391 et seq.). The EPA took this action pursuant to their authority under
CERCLA (42 USC 9601 et seq.). Restoration of the CERCLA past practice sites at the Hanford
Site is expected to result in the generation of wastes requiring further management. RI/FS's will
be done for all of the individual operable units. It will be the responsibility of the individual
operable units to determine if disposal at the ERDF is the preferred alternative and the need for
treatment before disposal.

The Hanford Site is a single RCRA facility with over 60 treatment, storage and disposal
(TSD) units conducting dangerous waste management activities. These TSD units are included in
the Hanford Facility Dangerous Waste Part A Permit Application (DOE-RL, 1988). The
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Washington State Department of Ecology (Ecology) has authority for RCRA implementation
through the State's Dangerous Waste Regulations in the Washington Administrative Code (WAC
173-303). Closure and corrective actions related to TSD facilities on the Hanford Site are expected
co result-3n-thv beneration of wastes requir-ing-fitrdter-managen;enf. --The WAC is not applicable to
a CAMU at this time because Washington State does not have authority for administration of
HSWA. However, the State is expected to have HSWA authority in the next few years.

Agreements between the DOE Richland Operations Office (DOE-RL), the EPA, and
Ecology regarding environmental restoration activities and management of wastes at the Hanford
Site are documented in the Hanford Federal Facility Agreement and Consent Order (Ecology et al.
1992) also referred to as the Tri-Party Agreement. This order was first issued in 1989 and has
been renegotiated on several occasions, including the most recent negotiations in 1993 (Ecology et
al. 1994).

Milestone M-70-00 of the Tri-Party Agreement calls for the design, approval, construction,
and operation of the ERDF by September 1996. It is the stated purpose of the Tri-Party
signatories thatregulatory_approval fnr-tlte ERDF will be obtained under a CERCLA Record of
Decision (ROD) and HSWA using applicable CAMU regulations. This RI/FS will provide the
supporting information for a proposed plan that will become the basis for the CERCLA ROD.

``^! -Treparatirniof the CAiviU application is proceeding concurrently with preparation of this,;-
document. Eveniuaiiy, the RIirS, prooosed plan, and CAMU application will constitute the
regulatory package that provides the basis for regulatory approval as well as the compliance
management framework for the ERDF.

1.2 PURPOSE

The purpose of the proposed action is to support the removal of contaminants from portions
of the Hanford Site (including near the Columbia River) in a timely manner, to allow those
remediated portions of the Site to be released for other productive uses. Several Tri-Party
Agreement milestones exist for near-term remediation effbrts, including issuance of CERCLA
operable unit Records of Decision (ROD) in 1995. The remedies to be selected in the operable
unit RODs are expected to require excavation and management of large volumes of remediation-
generated waste , which ..°, ,,..u °,:n .e....:_° .,:_...V:.:--

_ n acyuuc uink1$utVU.

1.3 SCOPE OF THE RUFS

The primary objectives of the RI/FS are clearly described in the NCP:

The aurposeqfthe_re.tnedial inves_+igadon-(F.7)-i.rto,ollect-data necessary to
adequately characterize the site for the purpose of developing and evaluating
effective remedial alternatives. To characterize the site, the lead agency shall, as
appropriate, conduct fteld investigations, including treatability studies, and conduct
a baseline risk assessment. The RI provides information to assess the risks to
human health and the environment and ta_suppantbe development, evall^.^.^on, and
selection of appropriate response alternatives. (40 CFR 300.400(d)(1)).

The primary objective of the feasibility study (FS) is to ensure that appropriate
remedial alternatives are developed and evaluated such that relevant information
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concerning the remedial action options can be presented to a decision-maker and

an appropriate remedy selected. The lead agency may develop a feasibility study to
address a specific site problem or the entire site. The development and evaluation

of alternatives shall reflect the scope and complexity of the remedial action under
consideration and the site problems being addressed. Development of alternatives
shall be filly integrated with the site characterization activities of the remedial
investigation described in paragraph (d) of this section. The lead agency shall
include an alternatives screening step, when needed, to select a reasonable number
of alternatives for detailed analysis. (40 CFR 300.400(e)(1)).

As stated above, the lead agency may develop an FS to address a specific site problem.
Consistent with this objective, the scope of the ERDF RI/FS is focused on the configuration of the
waste containment unit (also referred to as the trench), the liner, and the surface barrier.
Evaluation of the supporting facilities, including the transportation system, waste handling
equipment and procedures, decontamination, and leachate treatment system, are also provided.
These supporting facilities are not the focus of this analysis because they do not significantly affect
long-term performance of the facility and are considered design details; they will be fully addressed
during remedial design.

J In addition, treatment of remediation wastes received at the ERDF will not be addressed in
this RI/FS. It is not feasible to address treatment in this document because the remediation wastes
to be delivered to the ERDF have not yet been sufficiently characterized. Furthermore,
performance of different treatment technologies is specific to the characteristics of the waste and
generally requires treatability information that is not yet available. Given the variability in waste
characteristics for different source operable units and the need for site-specific treatability
information, evaluation of treatment technologies will be conducted at the source operable unit
level. Acceptable limits on soil and leachate concentrations designed to protect human health and
the environment are defined in this document and in a separate document that is currently under
preparation. These limits will be used for development of waste acceptance criteria. RIIFS efforts
at the source operable units will assess treatment options including whether treatment is required to
meet ERDF waste acceptance criteria.

In the most recent Tri-Party Negotiations (Ecology et al. 1994), it was agreed that a pilot
project to demonstrate National Environmental Policy Act (NEPA)/CERCLA functional
equivalency would be conducted for the ERDF project. Therefore, the scope of this document has
been expanded to address NEPA values not normally considered in a CERCLA RI/FS. Many of
the NEPA values, such as a description of the affected environment (including meteorology,
hydrology, geology, ecological resources, and land-use), applicable laws and guidelines, short-term
and long-term impacts on human health and the environment, emissions to water and air, and cost,
are included within a typical CERCLA RI/FS. Other NEPA values not normally addressed in a
CERCLA RI/FS, such as socioeconomics, cultural resources, and transportation, have been
evaluated in this document. Although this document evaluates the implications if the ERDF is not
constructed, the broad range of non-ERDF remedial actions for the Hanford Site are not addressed.
Remediation of Hanford past-practice waste sites will be addressed in the Hanford Remedial Action
Environmental Impact Statement (HRA-EIS), currently under preparation. The HRA-EIS will
evaluate the implementation of action alternatives such as in-situ containment/treatment, multiple
small waste management facilities on the Hanford Site, and disposal off the Hanford Site.
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1.4 SITE SELECTION

Site selection is based on the evaluation in the Siting Evaluation Reportfor the
Environmental Resroration Disposal Facility (WHC 1994a). This siting evaluation report (SER)
evaluated three candidate sites that were at least 15 square kilometers (6 square miles) of
contiguous land within the boundaries of the 200 Area plateau. This land requirement is based on
early design assumptions for the ERDF that resulted in greater land use. By optimizing the trench
design, the ERDF will occupy only 4.1 square kilometers ( 1.6 square miles).

Placement of the ERDF on the 200 Area plateau would facilitate consolidation of waste
management activities away from the Columbia River at a relatively high ground surface elevation

--- - -(with a corresponding greater depth to groundwater). The risk-management benef!ts of
consolidating waste in the 200 Area was supported by the Hanford Future Site Uses Working
Group. This group, which consisted of representatives from federal, state, and local governments,
native american tribes, labor groups, economic development groups, and public interest groups,
was chartered with developing a range of visions concerning future uses of the Hanford Site. A
general recommendation by the group was that areas of high future use (e.g., near the Columbia
River) be cleaned up and that the interior section of the 200 Area plateau be designated for waste
management (Drummond 1992). Use of the 200 Area for waste management is also identified in
the Hanford Site Development Plan (DOE-RL 1993d), which is revised on an annual basis to
identify land use, infrastructure, and facility requirements to support DOE programs at the Hanford
Site.

The three candidate sites in the SER are shown on Figure 1-2. As discussed in the SER,
the primary screening criteria were based on the Washington State Dangerous Waste Regulations
Siting Criteria (WAC 173-303-282), DOE Order 6430.1A (General Design Criteria), DOE Order

-- --
5820.2A (Radioactive Waste Management), and DOE-RL Order 4320.2C (Site Selection). Using
these criteria, Site 3 was selected as the preferred location for the ERDF based on its following
factors:

COmpatlb!llt} with-the-Hanford FCure .ri.t@ USw `.'.'oriung Group
recommendations to the degree technically feasible

Greatest depth to groundwater

Relatively flat topography

Lowest cost.

--- The sites were also evaluated in'u`,e SER using me CERCLA criteria and the CAMU criteria. Site
3 was the preferred site for all the applicable CERCLA criteria and the following applicable
CAMU criteria:

Siting will facilitate implementation9£reliable,-effective,prot€ctive, and
cost-effective remedies

Placement will not create unacceptable risks to human health or to the
environment resulting from exposure to hazardous wastes or constituents

The site will not include uncontaminated areas of the facility
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The selected land area, to the extent practicable, upon which wastes will
remain in place after closure of the CAMU will be minimized.

1.5 REPORT ORGANIZATION

The ERDF operable unit RI/FS report is organized in a format similar to that
recommended by EPA (1988a) with the following 11 chapters and appendices following Chapter
1.0, Introduction:

• Chapter 2, Site Characteristics, provides a description of the relevant
meteorologic, surface hydrologic, geologic, pedologic, hydrogeologic,
human--resourees,-and ecologic characteristics of-the study area. Brief
descriptions of the site characteristics for proposed borrow sites for basalt
and fine-grained soils are also provided.

• Chapter 3, Waste Characteristics, provides a discussion of the physical and
chemical characteristics of the wastes likely to be received at the ERDF.

• Chapter 4, Contaminant Fate and Transport, provides analysis of the
environmental fate and transport of likely contaminants in the waste
received at the ERDF. Transport modeling is applied in this section to
estimate future contaminant concentrations in groundwater.

• Chapter 5, Contaminants of Potential Concern, compares predicted
contaminant concentrations in ERDF waste and groundwater with
regulatory limits and risk-based limits to identify the potential contaminants
of concern.

• Chapter 6, Risk Assessment, estimates the human and environmental health
threats posed by likely contaminants in the waste received at the ERDF.

• Chapter 7, Development of Remedial Action Objectives, identifies
applicable or relevant and appropriate requirements and remedial action
objectives for the ERDF.

• Chapter 8, Identification and Screening of Remedial Technologies,
identifies and screens technologies and process options that are potentially
applicable to the ERDF.

• Chapter 9, Detailed Evaluation and Comparative Analysis of Remedial
71-lternatives, assembies the retained technologies into remedial alternatives
that are then evaluated against CERCLA criteria. Comparative analysis of
the alternatives is also performed in this chapter.

• Chapter 10, Conclusions, summarizes results of the RI/FS.

• Chapter 11, References, provides a list of cited documents within the body
of the report.
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Appendices are used to present technical analyses needed to support the
findin¢s of the Ri/FR rPnnrt

1-6



DOE/RL-93-99, Rev. 0

Priest Rapids
Dam

GRANT CO.
ADAMS CO.

r- ^
_

r

r r_

^ - - - - - - - - -

r 100D

r 100N,

r 100K
100H L

100F:
100 B/C

I 1_
FRANKLIN CO.

Hanford^ West Eas
Site ^ Proposed

Boundary ^ ERDF

^ I

--^ ,
Rattlesnake Hills

-
1 r 1 ^

BENTON CO.

4005

1100 300

3000

Yakima
Rtyer

700 Pasco

Kennewick

Note: The 600 Area consists of all
portions of the Hanford Site not
otherwise designated.

0 16 KILOMETERS

0 10 MILES

923 E412147835/6-8-94

Figure 1-1. Hanford Site Map.

ir-i



THIS PAGE INT-E.N7'F0i,4ALLY
LEFT BL^:^.^^°^K



n3! ,; rr I.. ^.,r
% f F r/ r Ia a.^'.. .^. ".^

•n

40

•^ ^^, `
¢

/V

jt
; sqmtl s

`----- ----------------------- -24
Expansion

yakimei ^ ^'•, sg^mile
Barricardei ^ ^.

V^ tl

240

,

I I'

I.

LEGEND

^
Gable Butte

- ^ - 7^+

Fioute 11A

200 West Area

\\ .^

^

^

^

4

Wes
Gabte Mountain

Lake

Z ^
m.,.^̂ .._.^._._.^

---^^ ---'------_-__- !- -
-
--------

♦
a

^200 East rea
1 It A

Cross-Site
Transfer Line

US

White Blut(s
Road

- fj

Q

/j
S^Set-AsideArea for PNL ;^sq: mt^i
Meteorological Towers ♦
TWRS Complex

Former Washington State Lease

Candidate Site Boundary

200 Area Plateau Boundary

Hanford Future Site Uses Working
Group Recommended Buffer Area

Hanford Future Site Uses Working
Group Recommended Waste
Management Area

Source: WHC 1994a

^- /

•. Ar

••.?!Y<oopHoacr

Disposal
O htarysite

N
0 1500 METERS
®
0 5000 FEET

923-E412/48665/6-15-94

Route 11A---------------------

8 Pond
Complex

rl Grout_ Treatment
, ^ . Facility-- --- -

^/ '•• ,
rI -^ ^ •^'90^̂

q

/

I

9s

I

^.^..^ ^ .

0

ro

0

Figure 1-2. ERDF Candidate Site Locations.



THIS PAGE INTENM!` tALLY
LEFT BLANK



DOE/RL-93-99, Rev. 0

2.0 SITE CHARACTERISTICS

This chapter describes the relevant characteristics of the Hanford site as a whole, the
proposed ERDF site and likely borrow source areas impacted by construction of the ERDF.
Descriptions of the location, meteorology, surface water hydrology, geology, soils,
hydrogeology, human resources, and ecology are presented. Much of the regional information
presented in this chapter has been adapted from Cushing (1992).

2.1 GENERAL SEITING

2.1.1 Regional Setting

-^_ The U.S. Department of Energy's Hanford Site lies within the semi-arid Pasco Basin of
the Columbia Plateau in southeastern Washington State, and covers portions of Benton,

e s
Franklin, Grant and Adams counties (Figure 1-1). The Hanford Site occupies an area of about

,-; 1,450 km2 (- 560 miz) north of the confluence of the Snake and Yakima rivers with the
Columbia River. The Hanford Site is about 50 km (30 mi) north to south and 40 km (24 mi)
east to west. Hanford is located 190 km ( 120 mi) southwest of Spokane and 280 km (174 mi)

'
southeast of Seattle. This land, with restricted public access, provides a buffer for the smaller

Q ' areas used for storage_of_nuclearmaterials and waste-management; only abour5%-vfthe land
area has been disturbed and is actively used. The Columbia River flows through the northern
part of the Hanford Site, and turning south, it forms part of the Site's eastern boundary. The
Yakima River runs along part of the southern boundary and joins the Columbia River south of
the city of Richland, which bounds the Hanford Site on the southeast. Rattlesnake Mountain,
the Yakima Ridge, and the Umtanum Ridge form the southwestern and western boundary. The
Saddle Mountains form the northern boundary of the Hanford Site. Two small east-west ridges,
Gable Butte and Gable Mountain, rise above the plateau of the central part of the Hanford Site.
Adjoining lands to the west, north, and east are principally range and agricultural land. The
cities of Richland, Kennewick, and Pasco (Tri-Cities) constitute the nearest population center
and are located southeast of the Hanfnrd cite_

The Hanford Site is divided into numerically designated operational areas, including the

100, 200, 300, 400, 600 and 1100 Areas. Land use in these areas is described in Section 2.7.1.
The Hanford Site encompasses more than 1,500 waste management units and numerous ground-
water contamination plumes that have been grouped into 73 operable units. Each operable unit
has similar characteristics regarding geography, waste characteristics, type of facility, and
relationship of contaminant plumes. This grouping into operable units allows for economies of

_scal_e to reduce the cost and the number of characterization investigations and remedial actions
that will be required for the Hanford Site to complete cleanup efforts (WHC 1989). The
73 operable units have been aggregated into four areas: the 100 Area, the 200 Area, the
300 Area, and the 1100 Area.

2.1.2 Local Setting

The proposed ERDF site will cover 4.1 square kilometers (1.6 square miles) on the 200
Area plateau at an elevation of 205 to 230 m (670 to 750 ft) above mean sea level (AMSL),
approximately in the center of the Hanford Site, southeast of the 200 West Area and southwest
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of ue 200 East Area. A map of the ERDF site is shown in Figure 2-1. Topography of the
ERDF site is also shown in Figure 2-1.

-__Theproposed ERDFsite is locatedwithin-Sectfons 7; $; 4, 14, 15, 16; 17, and 18 of
Township 12N and Range 26E.

2.1.3 ERDF Site Contamination

No solid waste management units are located within the proposed ERDF area; however,
solid waste is found in the western and southwestern portions of the land formerly leased to the
state. Radiological contamination has been spread by animals to the area east of the ERDF
from the nearby BC cribs and trenches. The BC cribs and trenches were used from 1956 to
1967 as a waste disposal site for the 200 and 300 areas. Currently, they contain quantities of

. , plutonium, strontium, cesium, cobalt and uranium.{
^..

r-.^_- ----- ----------- ---Attimals sprea,a, contamination frou the BC trenches and cribs from about 1958 to 1964
J; (O'Farrell et al. 1973). Trench 216-B-28 was burrowed by an animal and used by other

animals as a salt lick. Subsequently, radioactivity wasapread ewayfrom-t_hetre.n.ch via wind
dispersion. The trench burrow was filled and sealed with asphalt in 1964, which effectively
stopped further spreading of radioactive contaminants from the trench. The last aerial
radiological survey of the Hanford site still showed elevated gross gamma readings south of the
BC cribs as well as around the US Ecology Site (Reiman and Dahlstrom 1990).

-_--Contaminationmay be present-atthe gortion-oft2te ERDF-site east of theIYEDOX plant
in the 200 West Area (Figure 2-1). This area was used as a storage area during the construction
of the REDOX plant from 1950 to 1952. The site was used for heavy vehicle parking and
maintenance, and as a concrete truck washdown area. Possible soil contaminants include
gasoline, oil and other lubricants, and other vehicle-related fluids.

Due to the proximity of the ERDF site to the 200 West Area and its associated ground-
surface liquid waste disposal operations, contaminated groundwater has migrated beneath the
ERDF site. Contaminants present in the groundwater at the site are: tritium, iodine-129,
technetium-99,gross alpha, gross 6eta,-chloroft3rm, -nitrate,-chro;.:.um and carbon tetrachioride.
The highest concentrations of contaminants are generally found at the points nearest the 200
West Area, which is at the west end of the ERDF. Figures 2-2 through 2-10 present
groundwater contaminant plume maps for the listed constituents.

2.2 METEOROLOGICAL CHARACTERISTICS

The Hanford Site is located in a semiarid region of southeastern Washington State. The
Cascade Mountains beyond Yakima to the west greatly influence the climate of the Hanford area
by means of their rain shadow effect; this range also serves as a source of cold air drainage,
which has a considerable effect on the wind regime at the Hanford Site.

------- --- --_ °-_-`__ , __-'Thia $QC[i4Il-r [e-sPnsan-1nt^yre^r°^t cl^n 3iictcuiiivgiuAi tiata-for The Hanford Site and

the ERDF site. The data have been collected primarily at the Hanford Meteorological Station
(HMS), which is located at an elevation of 223m (733 ft) AMSL between the 200 East and 200
West Areas of the Hanford Site, approximately 4 km (2 mi) to the north of the ERDF site.
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Data have been collected at the HMS since 1945. Temperature and precipitation data are
also available from nearby locations for the period 1912 through 1943. A summary of these
data through 1980 has been published by Stone et al. (1983) which is the primary source of
information presented below. Data from the HMS are representative of the general climatic
conditions for the region and describe the specific climate of the 200 Area plateau. Local
variations in the topography of the Hanford Site may cause some aspects of climate at portions
of the Hanford Site to differ sign5fcantly from those of the HMS. For example, winds near the
Columbia River are different from those at the HMS. Similarly, precipitation along the slopes
of the Rattlesnake Mountain differs significantly from that at the HMS. However, due to the
close proximity and similar elevations of the HMS and the ERDF, the HMS data should
accurately describe conditions at the ERDF.

In addition to the HMS, three 60-m (200-ft) towers and twenty-two 9.1-m (30-ft) towers
that provide supplementary weather data are located on and around the Hanford site. These
towers are equipped with instruments that measure temperature and wind velocity and direction.
Figure 2-11 shows the locations of meteorological monitoring stations on and around the

` '.N..., Hanford Site.

2.2.1 Precipitation

The Cascade Range is located approximately 130 km (80 mi) west of the Hanford Site
and has an average crest elevation of about 1,800 m (6,000 ft) AMSL. This mountain range
creates a rain shadow that Iimits the average total annual precipitation at the HMS to about 16
cm (6.3 in.). Annual precipitation (98 percentile) ranges from 8 to 27.9 cm (3.2 to 11 in.).
The three months from November through January generally contribute approximately 42% of
this total, while the three months from July through September contribute only 12%. January is
the wettest month with an average of 2.3 cm (0.92 in.) while July is the driest month with an
average of only 0.38 cm (0.15 in.). Monthly average precipitation amounts from 1912 through
1980 are shown in Figure 2-12. Precipitation intensity is greatest in the summer months. This
seasonal intensity peak coincides with the thunderstorm season.

Days with greater than 1.3 cm (0.51 in.) precipitation occur less than 1% of the year.
Data on the expected frequency of precipitation intensity and short-period duration (24 h or less)
are presented in Figure 2-13. Rainfall intensities of 1.3 cm/h (0.51 in./h) persisting for 1 hour
are expected once every 10 years. Rainfall intensities of 2.5 cm/h (0.98 in./h) for 1 hour are
expected only once every 500 years.

Winter monthly average snowfall ranges from 0.8 cm (0.31 in.) in March to 13.5 cm
(5.3 in.) in January. The unpublished record snowfall of 142 cm (56 in.) occurred during the
winter of 1992 and 1993. The previous record snowfall of 62 cm (24 in.) occurred in February
1916. About 38 % of annual precipitation occurs as snowfall during the months of December
through February. However, in only one winter in four does an accumulation in excess of 15.2
cm (6 in.) occur. The average annual snowfall is 33 cm (13 in.). Complete snowmelt generally
occurs within a month of a snow event.
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2.2.2 Temperature and Humidity

Diurnal and monthly averages and extremes of temperature, dew point, and humidity are
contained in Stone et al. (1983). Average of daily maximum and minimum temperatures vary
from 2°C (36°F) in early January to 35°C (95°F) in late July. There are, on the average,
55 days during the summer months with maximum temperatures greater than or equal to 32°C
-(90°F) and 13 days with maxima greater than or equal to 38°C (100°F). From mid-November
through mid-March, minimum temperatures average 0°C (32°F) or less with the minima in
early January averaging -6°C (21°F). During the winter, there are, on average, 4 days with
minimum temperatures less than or equal to - 18°C (0°F); however, only about one winter in
two experiences such temperatures. The record maximum temperature is 46°C ( 1150F), and
the record minimum temperature is -32.8°C (-27°F). For the period 1912 through 1980, the
average monthly temperatures ranged from a low of -1.5°C (29.3°F) in January to a high of
24.7°C (76.5°F) in July. During the winter, the highest monthly average temperature at the
Hi.`rS wai `.9°C ^.,i°F), and the record lowest was -5.9°C (21.4°F), both having occurred
during February.-Duringthe summer, therecqrd maximum monthly average temperature was
27.9°C (82.2°F) (in July), and the record lowest was 17.2'C (63°F) (in June).

Relative humidityLdew_point te¢eram.e r;ey,surements,are made at the HMS and at the'` - - -
three 60=m (200-ft) tower locations. The annual average relative humidity at the HMS is 54%.
It is highest during the winter months, averaging about 75 %, and lowest during the summer,
averaging about 35%. Wet bulb temperatures greater than 24°C (75°F) had not been observed
at the HMS before 1975; however, on July 8, 9, and 10 of that year, there were seven hourly
observations with wet bulb temperatures greater than or equal to 24°C (750F).

_ 1 . L.....•]•. .• .• .
^

is
n..{......^a:pl Tl .

ue-t5t-1u^numeulIy,^nC-QtuA]a! temperatttre-rangc ^° ^uunwiu^ai. uunng summer----------- - ----- ----
- Tn4nthS, WheA-tlle-3veragn relative 1'ntntdlty ts 30 to 4vO1o, the diurnal temperature range is

greatest, on the order of 15°C (27°F). In winter, with relative humidity ranging from 60 to
80%, the diurnal temperature range is reduced to about 8°C (14°F) (DOE-RL 1990a). Figure
2-14 depicts the monthly average high and low temperatures for the period 1951 to 1980.
Figure 2-15 depicts average monthly temperature and relative humidity at the HMS.

2.2.3 Wind

Wind directions at the HMS vary over 360 degrees, with a prevailing wind direction
---- ------ ---- frotttt.he nortkcwest iur every rnonth of the year (average of 31.6% of the time). Secondary

maxima occur for southwesterly winds. The months of June and July have the highest
percentage of winds from the WNW and NW (38 and 37%, respectively). October has the
lowest percentage (29 56) from those directions. Monthly wind roses for the HMS are shown in
Figure 2-16.

Monthly and annual joint frequency distributions of wind direction versus wind speed for
the HMS are given in Stone et al. (1983). Monthly average wind speeds are lowest during the
winter months, averaging 10 to 11 km/h (6 to 7 mph), and highest during the summer,
averaging 14 to 16 km/h (9 to 10 mph). Wind speeds that are well above average in winter are
usually associated with southwesterly winds. The summertime high winds are generally
northwesterly and frequently reach 50 km/h (30 mph). These winds are most prevalent over the
northern portion of the Hanford Site.
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At the HMS, the strongest winds observed, with speeds up to 130 km/h (80 mph),
generally are southwesterly. Most hourly wind speeds greater than 52 km/h (32 mph) are from
the south-southwest to west-southwest and occur at the highest frequency from March through
May (Hulstrom 1992).

Wind-blown dust accompanies strong winds on the Hanford Site. Blowing dust
originating from the site itself has been observed at wind speeds greater than 32 km/h (20 mph).

Dust entrained elsewhere and transported to the Hanford Site has been observed for lower wind
speeds of 7 km/h (4 mph) (DOE-RL 1990a). Observations of blowing dust may occur with any
wind direction, however, the strongest winds at the HMS are from the southwest and therefore
there are more cases of blowing dust from that direction. Dust transported to the Hanford Site
from elsewhere is most often associated with winds from the north and northeast.

2.2.4 Evapotranspiration

Pan evaporation data was obtained from the Washington State University Cooperative
Extension for Prosser, WA located approximately 37 km (23 mi) southwest of the ERDF site.
Monthly rates of pan evaporation at the Washington State University Irrigated Agriculture
Research and Extension Center (IAREC) average from about 8.1 to 25.4 cm (3.2 to 10 in.).
These averages are based upon data collected over the period 1924 to 1988 for the months April
through October. Total pan evaporation over the April through October period averaged about
126.6 cm (49.9 in.). This seasonal component represents approximately 80% of the total annual
pan evaporation. Average monthly pan evaporation at Prosser for April through October is
depicted in Figure 2-17.

Free surface evaporation (or potential evaporation) is expected to equal approximately
70% of the pan evaporation for the Hanford Site vicinity, or about 110 cm (43 in.) (Weather
Bureau 1966). Free water surface evaporation is of interest because it closely represents the
potential evaporation from adequately watered surfaces, such as vegetation and soil, and the
evaporation from a surface body of water.

Beginning in the late 1970s, a monitoring program was conducted to study groundwater
recharge and measure parameters that affect recharge rates. Rockhold et al. (1990) reported on
water balance data which was collected as part of this program from three sites in 1988 and
1989. The sites included the 300 Area buried waste test facility and grass site, and the 200 East
Area closed-bottom lysimeter. While evapotranspiration was not specifically reported for the
200 East Area site, the measured water contents in the soil implied that significant recharge had
not occurred within the lysimeter.

For the 300 Area buried waste test facility, evaporation and transpiration were
determined to be about 14.3 cm (5.6 in.) for a bare surface and 19.9 cm (7.9 in.) for a
vegetated surface, using measurements of changes in water storage, drainage, and precipitation.
Precipitation during this period was approximately 18 cm (7.1 in.). Drainage was about 4 cm
(1.6 in.) from the bare surface and 1 cm (0.4 in.) from the vegetated surface. The excess of
evapotranspiration and drainage over precipitation was compensated for by a reduction in soil
moisture.

Figure 2-18 presents a plot of monthly evapotranspiration totals for the north (bare) and
south (vegetated) weighing lysimeters at the buried waste test facility during the period
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December 1987 to August 1990 (Hulstrom 1992). This figure illustrates the large seasonal and
annual variations in evapotranspiration and the large differences that can occur as a result of
vegetation.

2.2.5 Severe Weather

The average occurrence of thunderstorms is 10 per year at the Hanford Site. They are
most frequent during the summer; however, they have occurred in every month. The average
winds during thunderstorms do not come from any preferred direction. Estimates of the
extreme winds, based on peak gusts observed from 1945 through 1980, are given in Stone et al.

---------- -- (1983) and are-shuwn in the following table. Using the National Weather Service criteria for
ciassi'rying a thunderstorm as "severe" (i.e., hail with a diameter equal to or greater than 20 mm
(0.8 in.) or wind gusts of 93 kmRt (58 mph) or greater), only 1.9% of all thunderstorm events
observed at the HMS have been "severe" storms, and all met the criteria based on wind gusts.

pTy...-

1-POtttaa}!^ of Extreme Winds at Hanford Site
(Cushing 1992)

Peak Gusts. km/h

Return 15.2 m(50 ft) 61 m(200 ft)
Period, vr Above Ground Above Ground

2 97 75

10 114 109

i00 137 129

1000 159 151

Note: 1 km = 0.62 mi

To:.,adoes are infrequent and generally small in the northwest portion of the
United States. -Grazulis ( 1984) ?is^^ no violent to..adoe; ^r the region surrounding Hanford
(DOE 1987). The HMS climatological summary (Stone et al. 1983) and the National Severe

- -Storms Forecast Center (NSSFia database list 22 separate tornado occurrences within 161 km
(100 mi) of the Hanford Site from 1916 through August 1982. Two additional tornadoes have
been reported since August 1982.

2.2.6 Hanford Site Air Quality

Air quality in the vicinity of the Hanford Site is considered good since there are only a
few industrial sources of air pollutants located in the area. The Benton-Franklin Counties Clean
Air Authority routinely compiles emission inventories for permitted major sources of pollutants.
In areas where the National Ambient Air Quality Standards (NAAQS) have been achieved, the
EPA has established the Prevention of Significant Deterioration (PSD) program to protect
existing ambient air quality. The Hanford Site operates under a PSD permit issued by the EPA
in 1980. The permit provides specific limits for emissions of oxides of nitrogen from the
Plutonium Uranium Extraction (PUREX) and Uranium Oxide (UO,) plants (Cushing 1992).
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--------- --- ----------- ------ L-'tmited ambient-air quality r.,onitoring has been performed in the vicinity of the Hanford
Site for total suspended solids, particulates less than 10 microns in diameter (PM-10) and for
nitrogen oxides. Nitrogen oxides were sampled at three locations. within the Hanford Site using
a bubbler assembly operated to collect 24-hour integrated samples (Woodruff et al. 1991). The
highest annual average concentration was <0.006 ppmv, well below the applicable federal and
Washington State annual ambient standard of 0.05 ppmv. Monitoring for TSP and PM-10 was
conducted in two communities surrounding the Hanford Site during 1990. The annual
geometric mean of TSP was 71 µg/m' in Sunnyside and 80 µg/m' in Wallula. Both these values
exceeded the Washington State annual standard, 60 µg/m'. The Washington State 24-hour
standard, 150 µg/m', was exceeded six times during the year at Sunnyside and seven times at
Wallula.PM-10-wa.c monito_redat-twe-locations, at Colutnbia Cr°nter i:. l:etmewick and at
Wallula. The 24-hour PM-10 standard established by the state of Washington, 150 µg/m', was

-• --- 24-hour---- ------ -- ------- CxGPF,ded SCVL`ntiines-at£te--CiJl_lmba ^̂? ^^n^-n'yTnpjfig 10Cat:Q.n.; the maximum
L4concentrationat Wallula was 123 µg/m'. Neither site exceeded the annual primary standard of

50 µg/m'.

Airborne particulate concentrations may reach relatively high levels in eastern
Washington due to exceptional natural events such as high winds and brush fires. In addition,
elevated particulate levels have been associated with wheat farming. Ambient air quality

standards do not consider "rural fugitive dust" from exceptional natural events or agriculture
when estimating maximum background concentrations or when considering enforcement of air
quality standards and permit applications.

2.3 SURFACE HYDROLOGICAL CHARACTERISTICS

This section provides a characterization of surface water hydrology, regionally within the
Pasco Basin and locally in the vicinity of the ERDF site. The regional information is presented
with attention focused on those aspects which are felt to relate directly to the ERDF site.
Additional information on the regional hydrology may be found in DOE (1988), ERDA (1975)
and Skaggs and Walters (1981).

2.3.1 Regional Surface Hydrology

The Pasco Basin occupies about 4,900 km2 (1,900 mi^ and is located centrally within the
Columbia Plateau. Elevations within the Pasco Basin are generally lower than other parts of the
plateau, and surface drainage enters it from other basins. Within the Pasco Basin, the Columbia
River is joined by three major tributaries: the Yakima River, the Snake River, and the Walla
Walla River. No perennial streams originate within the Pasco Basin (DOE 1988).

The Hanford Site occupies approximately one-third of the land area within the Pasco
Basin. Primary surface-water features associated with the Hanford Site are the Columbia and
Yakima rivers. Major watershed divides are shown in Figure 2-19. Several surface ponds and
ditches are present, and are generally associated with fuel and waste processing activities.

Total estimated precipitation over the Pasco Basin is about 9x108 m' (3x1010 ft')
annually, averaging less than 20 cm/yr (-8 in./yr). Mean annual runoff from the basin is
estimated to be less than 3.1x10' m'/yr (1.1x10' ft'/yr), or approximately 3% of the total
precipitation. The basin-wide runoff coefficient is zero for all practical purposes. The
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remaining precipitation is assumed to be lost through evapotranspiration, with a small
component (perhaps less than 1%) recharging the groundwater system (DOE 1988).

2.3.1.1 Major Rivers. The major surface water body in the Pasco Basin is the Columbia
River, which flows from the Canadian Rocky Mountains through Washington State, and along
the Oregon border, to the Pacific Ocean. Enroute to the Pacific, the Columbia River crosses
the northern portion of the Hanford Site (approximately 15 km [9 mi] to the north of the ERDF
site), then turns southward to form the Hanford Site's eastern boundary. About two-thirds of

-- - the Hanford S ite drains into the Co lumbia River; the remaining one-third (in the western and
southern portions of the Hanford Site) drains into the Yakima River (Figure 2-19). Both the
Yakima and the Columbia rivers are important sources of water for domestic, agricultural,
industrial, and recreational users in the Pasco Basin (DOE 1987, Jaquish and Bryce 1990). The
Hanford Reach of the Columbia River is being considered for designation as a wild and scenic
river (NPS 1992).

The Hanford Reach of the Columbia River extends from Priest Rapids Dam,
approximateiy 8.5 km (5.3 mi) above the Hanford Site boundary , to the head of Lake Wallula

. approximately at the southeastern Hanford Site boundary. Lake Wallula is created by McNary, 5
Dam. The Hanford Reach, which is approximately 100 km (60 mi) in length, is the last non-

,4_ tidal unimpounded segment of the Columbia River in Washington Stateand its-shoreline remains
largely undeveloped (Jaquish and Bryce 1990). Several active drains and intakes are present
along this reach, including irrigation outfalls from the Columbia Basin Irrigation Project, the
Washington Public Power Supply System (WPPSS) Nuclear Project_2,and-the Hanford-Site
intakes for onsite water use.

Volumetric flow rates in the Columbia River along the Hanford Reach vary widely and
erratically due to operations of the Priest Rapids Dam, operated by Public Utility District No. 2
of Grant County, and the operational practices of the nearby upstream dams. A minimum flow
rate of 1,000 m3/s (36,000 ft'/s) has been established at Priest Rapids (PNL 1988a). The
average daily flow varies from a high of approximately 8,000 m'/s (283,000 ft'/s) in June to a
low of about 2,000 m'/s (70,000 ft'/s) in October and November. The average daily flow over
the entire period of record is approximately 3,400 m3/s (119,000 ft'/s). Monthly average flows
have ranged as high as 16,700 m'/s (590,000 ft'/s) which occurred in the month of June to
about 600 m3/s (21,000 ft'/s) for January and February.

The Yakima River, bordering the southern portion of the Hanford Site, has a low annual
flow compared to the Columbia River. For 57 years of record, the average annual flow of the
Yakima River is about 104 m3/s (3,673 ft'/s) with monthly maximum and minimum flows of
490 m'/s (17,000 f.'/s) and 4,6 m3/s (160 ft'/s), respectively.

2.3.1Z Other Naturally-Occurring Surface Waters. No perennial streams occur within the
central portion of the Hanford Site. Cold Creek and its tributary, Dry Creek, are part of the
Yakima River watershed and originate in the synclinal valleys west of the Hanford Site
(Figure 2-19). Both streams receive some base flow from springs along portions of their
reaches. Other reaches are ephemeral, responding to seasonal runoff from precipitation and
snowmelt.

'f"ne Cold Creek drainage ultimately connects to the Yakima River about 2 km (1 mi)
upstream from Horn Rapids D?m (Fibare 2=19). Actua flow in Cold Creek and Dry Creek,
wh1C}1 fesnlt.e. frveTMe^ "^' '^ ^:^•^ n_MInnn L.' LR a..:_

,
re' 'i' umtRidge, and Yakima.___^^-- a^-IaSaLt^.::;FP.CV:atawuanc 1rtVUltla111
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Ridge, is not well documented; however, flood magnitudes in Cold Creek, having recurrence
intervals of 5 and 10 years, were estimated to be 60 and 125 m'/s (2,100 and 4,400 ft'/s),
respectively, in the creek's lower reaches (Skaggs and Walters 1981).

West Lake, located about 6.4 km (4 mi) north-northeast of the ERDF site (Figure 2-19),
is a shallo^^ pond, with an average depth of about 1 m (3 ft) and a surface area of
approximately 4 ha (10 ac) (Fuchs et at. 1985). The pond has previously been described as the
"only naturally occurring pond on the Hanford Site" (DOE 1988, DOE-RL 1990b, DOE-RL
1990c). This statement is valid in the sense that the pond does not consist of a disposal pond
built and constructed specifically as part of the Hanford Site operations. However, the source
of recharge to the lake is groundwater which is locally mounded due to infiltration resulting

from the 200 Areas operations and groundwater mounding (Graham 1983). It is expected that
West Lake will shrink and perhaps disappear as 200 Area operations cease.

2.3.1.3 Man-Made Ditches and Ponds. On the Hanford Site, wastewater discharge into
s ^m ponds and ditches occurs in the 200, 300, and 400 Areas. At these locations, several ponds and`

ditches exist to hold waste waters, which eventually evaporate or infiltrate. In addition, two
new effluent disposal facilities (the Treated Effluent Disposal Facility Pond and the Effluent

yY? Treatment Facility Crib) are planned for operation in the 200 Area by 1995.

2.3.2 Flooding

Large Columbia River floods have occurred in the past (DOE 1987), but the likelihood
of recurrence of large-scale flooding has been reduced by the construction of several flood
control/water storage dams upstream of the Site. Major floods on the Columbia River are
typically the result of rapid melting of the winter snowpack over a wide area augmented by
above-normal precipitation. The maximum historical flood on record occurred June 7, 1894,
with a peak discharge at the Hanford Site of 21,000 m% (742,000 ft'/s). The largest recent
flood took place in 1948 with an observed peak discharge of 20,000 m3/s (706,000 ft'/s) at the
Hanford Site. The probability of flooding at the magnitude of the 1894 and 1948 floods has
been greatly reduced because of upstream regulation by dams.

There have been fewer than 20 major floods on the Yakima River since 1862 (DOE
1986). The most severe occurred in November 1906, December 1933, and May 1948;
discharge magnitudes at Kiona, Washington, were 1,870, 1,900, and 1,050 m3/s (66,000,
67,000, and 37,000 ft'/s), respectively. The recurrence intervals for the 1933 and 1948 floods
are estima*^ at 170 a:.d 33 years, respectively. The development of irrigation reservoirs within
the Yakima River Basin has considerably reduced the flood potential of the river. Flooded areas
could extend into the southern section of the Hanford Site, but the upstream Yakima River is
physically separated from the Hanford Site by Rattlesnake Mountain, which would prevent
major flooding of the Hanford Site.

Evaluation of flood potential is conducted in part through the concept of the probable
maximum flood, which is determined from the upper limit of precipitation falling on a drainage
area and other hydrologic factors, such as antecedent moisture conditions, snowmelt, and tribu-
,,, _ -,

.---uuy cvnditiVlli;_tu"autdmiRaXltiiLIl1-Nn^tl. Tlie-'^SrObable,'33^tmL'fn-flotTi fGrtiic

Columbia River below Priest Rapids Dam has been calculated to be 40,000 m'/s

(1.4 million ft/s) and is greater than the 500-year flood. The flood plain associated with the
probable maximum flood is shown in Figure 2-20. This flood would inundate parts of the
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100 Areas located adjacent to the Columbia River, but the central portion of the Hanford Site
including the ERDF site, would not be flooded (DOE 1986).

A flood risk analysis of Cold Creek was conducted in 1980 as part of the
characterization of a basaltic geologic repository for high-level radioactive waste. Such design
work is usually done to the Probable Maximum Flood (PMF) rather than the worst case or
100-year flood scenario. Therefore, in lieu of 100- and 500-year floodplain studies, a PMF
evaluation was made for a reference repository location directly west of the 200 East area and
encompassing the 200 West Area (Skaggs and Walters 1981). Schematic mapping indicates that
access to the reference repository would be unimpaired but that Route 240 along the
southwestern and western areas would not be usable (see Figure 2-21).

2.3.3 Local Surface Water Hydrology

.LT There are no perennial or ephemeral streams at the ERDF site. The ERDF site lies
{=^D within the Cold Creek watershed, which covers much of the west central and south central
^7

portion of the Hanford Site. Cold Creek is located southwest of the ERDF and surface drainage
;,^r,'` from the site will be to the southwest toward Cold Creek. Surface drainage onto the ERDF site
11 '; is from the northeast. Surface drainage from the northeast is expected to be limited since the

ERDF site is located near the boundary of the Cold Creek watershed and the Columbia River

6-1 watershed. Surface runoff in the Columbia River watershed runs to the northeast, toward the

Columbia River. Figure 2-19 depicts the watersheds at the Hanford Site.

2:4- GEOLOGICAL CHARACTERISTICS

This section provides a description of the regional and local geologic characteristics of
the ERDF site. The regional information has been largely summarized from a number of

-- -- technical docu^;.er,ts which address the geologic conditions of the Hanford Site, including the
nearby 200 East and 200 West Areas. These include DOE ( 1988), Delaney et al. (1991), and
Lindsey et al. (1992). The description of geologic conditions local to the ERDF site is also
based upon these sources, as well as recent work undertaken at the ERDF site.

2.4.1 Topography and Physiography

The Hanford Site is situated within the Pasco Basin, one of a number of topographic and
structural depressions located within the Columbia Plateau physiographic province, a broad
basin located between the Cascade Range and the Rocky Mountains (Delaney et al. 1991). The
Pasco Basin is bounded on the north by the Saddle Mountains; on the west by Umtanum Ridge,
Yakima Ridge, and the Rattlesnake Mountain; and on the east by the Palouse slope.
Topography of the Hanford Site is depicted in Figure 2-22.

The Hanford Site includes about 900 km2 (350 miz) of terrace lands located south and
west of the Columbia River within the semiarid Pasco Basin of south-central Washington. The
terrace plains rise gradually north and west from an altitude of about 104 m(340 ft) at Richland
to 213 to 244 m(700 to 800 ft) in the northwestern part of the site. From these high terraces
the surface descends to 137-m (450-ft) at terraces along the river. Toward the west the terrace
lands terminate against the slopes and inter-ridge valleys of low linear mountains known
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Lvii^tiveiy as the Yakima Ridges.- Rattlesnake Mountain, at the southwest edge of the site,
rises to an elevation of 1,067 m(3,500 ft). A few bedrock outliers, such as Gable Mountain,
outcrop above the terraces of the Hanford Site (Newcomb et al. 1972).

The 200 Area and the ERDF site are situated on a broad flat terrace called the 200 Areas
plateau located near the center of the Hanford Site at an elevation of approximately 198 to 229
m(650 to 750 ft) AMSL. The plateau decreases in elevation to the north and east toward the
Columbia River. The terrace escarpments are steep, with elevation changes between 15 and 30
in (50 and 100 ft).

2.4.2 Regional Geologic Structure and Stratigraphy

Structurally, the Columbia Plateau is divided into three informal subprovinces: the
Palouse, Blue Mountains, and Yakima Fold Belt. These are not physiographic subprovinces,
even though some of the names may be the same. All but the easternmost part of the Pasco

i:;^ Basin is within the Yakima Fold Belt structural subprovince (DOE 1988). The Yakima Fold
Belt contains four major structural elements: the Yakima Folds, Cle Elum-Wallula disturbed
zone, Hog Ranch-Naneum anticline, and northwest-trending wrench faults.

^^4" ..4
wIc-

The Yakima Folds are a series of continuous, narrow, asymmetric anticlines that have
^ wavelengths between about 5 and 30 km (3 to 19 mi) and amplitudes commonly less than 1 km

(less than 0.6 mi). The anticlinal ridges are separated by broad synclines or basins. The
Yakima Folds are believed to have developed under generally north-south compression, but the
origin and timing of the deformation along the fold structures are not well known (DOE 1988).

The Cle Elum-Wallula disturbed zone is the central part of a larger topographic
alignment called the Olympic-Wallowa lineament that extends from the north-w-estern edge of the
Olympic Mountains to the northern edge of the Wallowa Mountains in Oregon. The
Cle Elum-Wallula disturbed zone is a narrow zone about 10 km (6 mi) wide that transects the
Yakima Fold Belt and has been divided informally into three structural domains: a broad zone
of deflected or anomalous fold and fault trends extending south of Cle Elum, Washington, to
Rattlesnake Mountain; a narrow belt of aligned domes and doubly plunging anticlines ("The
Rattles_")extendin9-fromRattlesnakP Ma^untatnto-WallulaGa°^ and theu,c n..r-,.un,..,-ia ^_iauh..e „ y, a;... zone,
extending from Wallula Gap to the Blue Mountains.

The Hog Ranch-Naneum Ridge anticline is a broad structural arch that extends from
southwest of Wenatchee, Washington, to at least the Yakima Ridge. This feature defines part of
the northwestern boundary of the Pasco Basin, but little is known about the structural geology of
this portion of the feature, nor is the southern extent of the feature known.

Northwest-trending wrench faults have been mapped west of 120°W longitude in the
Columbia Plateau (DOE 1988). The mean strike direction of the dextral wrench fault is 320°
but there are less numerous northeast-trending sinistral wrench faults that strike 013°. These
structures are not known to exist in the central Columbia Plateau.

------- ---------- ------------- GSE- 7.^,wfl-.fltid3-ti.IL in the nan oru area are associated with anticlinal fold axes, are
thrust or reverse faults although normal faults do exist, and were probably formed concurrently
with the folding (DOE 1988). Existing known faults within the Hanford area include wrench
faults as long as 3 km (1.9 mi) on Gable Mountain and the Rattlesnake-Wallula alignment,
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which has been interpreted as a right-lateral strike-slip fault. The faults in Central Gable
Mountain are considered capable by the U.S. Nuclear Regulatory Commission (NRC) criteria
(10 CFR 100) in that they have slightly displaced the Hanford formation gravels, but their
relatively short lengths give them low seismic potential. Also, there is no observed seismicity
on or near Gable Mountain. The Rattlesnake-Wallula alignment is interpreted as possibly being
capable, in part because of lack of any distinct evidence to the contrary and because this
structure continues along the northwest trend of faults that appear active at Wallula Gap, some
56 km (35 mi) southeast of the central part of the Hanford Site (DOE 1988).

The ma;or geologic nnits of the Hanford Site are, in ascending order: subbasalt rocks
(inferred to be sedimentary and volcanoclastic rocks), the Columbia River Basalt Group with
intercalated sediments of the Ellensburg Formation, the Ringold Formation, the Plio-Pleistocene
unit, and the Hanford formation. Locally, Holocene sand, silt, and loess exist as surficial
material.

Knowledge of the sub-basalt rocks is limited to studies of exposures along the margin of
the Columbia Plateau and to a few deep boreholes drilled in the interior of the plateau (DOE
1988). No sub-basalt rocks are exposed within the central interior of the Columbia Plateau,
including the Pasco Basin. Interpretation of data from wells drilled in the 1980s by Shell Oil
Company in the northwestern Columbia Plateau indicates that, in the central part of the
Columbia Plateau, the Columbia River Basalt Group is underlain predominantly by Tertiary

t^, continental sediments (Camphelt 1989).

The regional and Hanford Site geology is dominated by the thick sequence of Miocene
tholeiitic continental flood basalts designated the Columbia River Basalt Group. This layered
sequence consists of more than 170,600 km' (40,800 mi') of basalt covering more than
163,000 km2 (63,000 mi2) (Tolan et al. 1987).

Late Neogene (late Miocene to Pliocene) deposits younger than the Columbia River
Basalt Group are represented by the Ringold Formation in the Pasco and Quincy basins. The
fluvial- lacustrine Ringold Formation was deposited in generally east-west-trending valleys by
the ancestral Columbia River and its tributaries in response to the development of the Yakima
Fold Belt. The Ringold Formation is classified into three facies associations or stratigraphic
section tvpes: deposits of the migrating, thoroughgoing ancestral Columbia and/or Snake River
systems; overbank materials beyond the influence of the main river channel(s); and fanglomerate
deposits found around the margins of the basin (DOE 1988). Later work by Lindsey (1991)
proposed a revised stratigraphy for the Ringold Formation, based on five facies associations:
fluvial gravel, fluvial sand, overbank mud, lacustrine mud, and basaltic gravel.

An eolian silt and fine sand (the early "Palouse" soil) overlies the Ringold Formation in
the western part of the Hanford Site (Brown 1960). This silty fine sand to sandy silt was
deposited when the wind reworked and redeposited Ringold sediments. Relatively high caliche
contents are found in much of this unit.

The Hanford formation lies on the eroded surface of the Plio-Pleistocene unit, the
Ringold Formation, or locally on the basalt bedrock. The Hanford formation consists of
cataclysmic flood sediments that were deposited when ice dams that formed Lake Missoula in
western Montana and northern Idaho were breached and massive volumes of water spilled
abruptly across eastern and central Washington. These Missoula floods scoured the land
surface, locally eroding the Ringold Formation, the basalts, and sedimentary interbeds, leaving a
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network of buried channels crossing the Pasco Basin (Tallman et al. 1979). Thick sequences of
sediments were deposited by several episodes of Pleistocene flooding with the last major flood
sequence dated at about 13,000 years before present (Myers et al. 1979). These sediments have
locally been divided into two main facies, termed the "Pasco Gravels" facies and the "Touchet
Beds" facies (Myers et al. 1979).

Volcanic deposits in the Pasco Basin are limited to occasional, thin layers of airfall
tephra from a few millimeters to 10 cm (4 in.) thick. Eolian sediments consisting of loess and
sand dunes (both active and inactive) locally veneer the surface of the Hanford Site.

2.4.2.1 Suprabasalt Sediments. The suprabasalt sedimentary sequence at the Hanford Site is
up to approximately 230 m (750 ft) thick in the west-central Cold Creek syncline, while it
pinches out against the anticlinal ridges that bound or are present within the Pasco Basin. The
suprabasalt sediments are dominated by laterally extensive deposits of the late Miocene to
Pliocene-age Ringold Formation and the Pleistocene-age Hanford formation. Locally occurring
strata separating the Ringold and Hanford formations are assigned to the informally defined
Plio-Pleistocene unit, early "Palouse" soil, and pre-Missoula gravels comprising the remainder
of the sequence.

Ringold Formation. Overlying the Columbia River Basalt Group is the late Miocene to
Pliocene-age Ringold Formation (Fecht et al. 1987, DOE 1988). The Ringold Formation
accumulated to thicknesses of up to 365 m (1,200 ft) in the Pasco Basin. On the Hanford Site,
the Ringold Formation is up to 185 m (600 ft) thick in the deepest part of the Cold Creek
syncline south of the 200 West Area and 170 m (560 ft) thick in the western Wahluke syncline
near the 100-B Area. The Ringold Formation pinches out against the anticlinal flanks that
bound or are present within the Pasco Basin, and is largely absent in the northern and
northeastern parts of the 200 East Area and adjacent areas to the north (Delaney et al. 1991,
Lindsey et al. 1992).

Post-Ringold Pre•I3anford Sediments. Thin alluvial deposits situated stratigraphically
between the Ringold Formation and Hanford formation are found within the Pasco Basin. The
three informally defined units include: (1) the Plio-Pleistocene unit; (2) the early "Palouse" soil;
and (3) the Pre-Missoula gravels. The Plio-Pleistocene unit and early "Palouse" soil are
described in detail in Last et al. (1989) and Lindsey et al. (1991). The pre-Missoula gravels are
discussed in PSPL (1982a) and Fecht et al. (1987).

Hanford formation. The informally designated Hanford formation consists of
unconsolidated, glaciofluvial sediments that were deposited during several episodes of
cataclysmic flooding during the Pleistocene Epoch.Thesediments are composed of pPbble to
boulder gravel, fine- to coarse-grained sand, and silt. These sediments are divided into three
facies: (1) gravel dominated, (2) sand-dominated, and (3) silt-dominated (Lindsey et al. 1992).
These facies are referred to as coarse-grained deposits, plane-laminated sand facies, and
rhythmite facies, respectively (Baker et al. 1991). The silt-dominated deposits are also referred
to as "Touchet" beds, and the gravel-dominated facies generally correspond to the Pasco
gravels.

The Hanford formation is thickest in the vicinity of the 200 Areas where it is up to 107
m (350 ft) thick (Lindsey et al. 1992). The formation was deposited by cataclysmic flood
waters that flowed out of glacial lake Missoula (Fecht et al. 1987, DOE 1988, and
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Baker et al. 1991). The deposits are absent from ridges above approximately 360 m (1,180 ft)
AMSL, the highest level of cataclysmic flooding in the Pasco Basin (Delaney et al. 1991).

Holocene Surticial Deposits. Holocene surficial deposits consist of silt, sand, and
gravel that form a <4.9 m (< 16 ft) veneer across much of the Hanford Site. These sediments
were deposited by a mix of eolian and alluvial processes.

2.4.3 Local Geology

This section focuses on the geologic characteristics of the ERDF site and vicinity.
Information presented has been compiled from a variety of sources, including technical reports
and documents of the 200 Areas, as well as the results of the recent field investigative work
undertaken for the ERDF site.

2.4.3.1 Topography and Geomorphic Setting. The surface topography and geomorphic
= features in the vicinity of the ERDF site are depicted in Figure 2-23. The topography in the,. --^

vicinity of the pFoposed ERDF site was formed primarily by Pleistocene cataclysmic floods
beginning at least 750,000 years ago and ending approximately 13,000 year ago (Baker et al.
1991). These floods left behind an array of unique landforms including anastomosing flood
channels, giant current ripples, and giant flood bars. As shown in Figure 2-23, the proposed

^^ . ERDF site is situated at an elevation of approximately 210 m (700 ft) AMSL on the south slope
of one of these landforms, the Cold Creek Bar (Bretz et al. 1956). This flood bar is a
compound bar built by multiple floods (DOE 1988). During flooding it prograded southward to
its present position. The northern part of the bar has undergone erosion by flood waters
-recpding from the bas:.^., resulting in .e creation of at least four major channels, as well as
additional minor channels, that have been recognized near the Gable Mountain, Gable Butte area
(Fecht 1978).

2.4.3.2 Local Stratigraphy. Figures 2-24, 2-25, 2-26, and 2-27 present geologic cross
sections of the proposed ERDF site. The ERDF is in a geologic transitional zone between the
200 East and 200 West Areas where geologic units present in the western portion of the ERDF
may__not be-presentinthe eastern po*tions. The proposed-ERDF site i s-underlair, by 159 to 177

--- m(521 to 580 ft) of suprabasalt sediments that rest on the Elephant Mountain Member of the
Columbia River Basalt Group. The ascending geologic sequence from the Elephant Mountain
Member basalt starts with the Ringold Formation, comprising gravel unit A, followed by the
lower mud sequence, gravel unit E, and the upper unit. Overlying the Ringold Formation in
this area is the Plio-Pleistocene unit, early "Palouse" soil, and the Hanford formation. Each
geologic unit and its stratigraphic characteristics are discussed in the following sections.

The Elephant Mountain Member is the upper most basalt unit and existing information
indicates that it is continuous beneath the proposed ERDF site (Weekes and Borghese, 1993).
There is no evidence of significant erosion at the top of the Elephant Mountain Member and no
indication of erosional "windows" through the basalt to the underlying Rattlesnake Ridge
interbed. The basalt dips to the south into the Cold Creek syncline at about 60 m/km (317
ft/mi). The Elephant Iviountain Member is about 39 m (128 ft) thick in the area of the ERDF
site (Weekes and Borghese 1993).

The Ringold Formation overlies the uppermost basalts beneath the proposed ERDF site.
The Ringold Formation generally dips to the south and ranges in thickness from 72 to 111 m
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(235 to 363 ft). The Ringold Formation units present (in ascending order) are the fluvial
gravels of unit A, the lower mud sequence, the gravels of unit E, and the sand and lesser muds
of the Ringold Formation upper unit. The fluvial gravels of the B, C, and D units are not
present beneath the site. The Ringold Formation "A" unit ranges in thickness from 15 to 36 in
(50 to 118 ft), the lower mud unit ranges in thickness from 8 to 29 m(27 to 95 ft), and the "E"
unit thickness varies from 19 to 83 m(61 to 273 ft). The upper Ringold unit is present in the
western portion of the site and pinches out to the east. The thickness of the upper unit ranges
from0to13m(0to42ft).

The Plio-Pleistocene unit overlies the Ringold Formation and ranges in thickness from 0
to 11 m(0 to 35 ft). The unit is mostly present in the areas of the site adjacent to the 200 West
Area and pinches out to the east within the proposed ERDF site. The unit is composed of
laterally discontinuous interbedded carbonate-rich strata and carbonate-poor strata.

Although not shown on any of the cross-sections, the Early "Palouse" soil may be
present in the extreme western side of the ERDF site. The Early "Palouse" soil consists of
unconsolidated sands and muds. The upper contact of the unit with the Hanford Formation is
poorly defined (Weekes and Borghese 1993).

The Hanford formation is present through the ERDF site and ranges in thickness from 41
to 97 m(135 to 319 ft). The formation is thickest on the north side of the proposed ERDF site

i5 and thins to the south. The Hanford formation is divided into three lithologic facies: gravel-
dominated, sand-dominated, and silty. The sand-dominated facies is considered to be the
principal facies under the site and consists of fine- to coarse-grained sand and gravel deposits.
Ctasticdikes are present within the Hanford formation as vertical to irregularly shaped dipping
fissures filled with sand and gravel. Ash deposits are also present within sand-dominated facies
of the Hanford formation at the ERDF site.

Sanddunes (Holocene-eolian-deposia)-present-abave the Hanfbrd : rnation cover most
of the ERDF site and range in thickness from 0 to 3 m (0 to 10 ft).

2.4.4 Seismicity

A comprehensive network of seismic stations that provides accurate locating information
for most earthquakes larger than magnitude 2.5 was installed in eastern Washington in 1969.
DOE (1988) provides a summary of the seismicity of the Pacific Northwest, a detailed review of
the seismicity in the Columbia Plateau region and the Hanford Site, and a description of the
seismic networks used to collect the data. Seismicity of the Columbia Plateau, as determined by
the rate of earthquakes per area and the historical magnitude of these events, is relatively low
when compared to other regions of the Pacific Northwest, the Puget Sound area and western
Montana/eastern Idaho. Figure 2-28 shows the locations of all earthquakes that occurred in the
Columbia Plateau before 1969 with MMI of IV or larger and with magnitude of 3 or larger.
The largest known earthquake in the Columbia Plateau occurred in 1936 around
Milton-Freewater, Oregon. This earthquake had a magnitude of 5.75 and a maximum MMI of
VII, and was followed by a number of aftershocks that indicate a northeast-trending fault plane.

In the central portion of the Columbia Plateau, the largest earthquakes near the Hanford
Site occurred in 1918 and 1973. These two events had magnitudes of 4.4 and intensity V and
were located north of the Hanford Site. Earthquakes often occur in spatial and temporal clusters
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in the central Columbia Plateau, and are termed "earthquake swarms." The region north and
east of the Hanford Site is a region of concentrated earthquake swarm activity, but earthquake
swarms have also occurred in several locations within the Hanford Site. The magnitude of these
swarms is too small to show up on Figure 2-28.

Estimates for the earthquake potential of structures and zones in the central Columbia
Plateau ha-ve- baende-velopedduringtlte!icensingof-nuclear-power-plants at the Hanford S^^.

- --- ----'--_---_-_ -__-- - - -
In reviewing the operating license application for the Washington Public Power Supply System
Project WNP-2, the NRC (tvRC 1982) concluded that four earthquake sources should be
considered for the purpose of seismic design: the Rattlesnake-Wallula alignment, Gable
Mountain, a floating earthquake in the tectonic province, and a swarm area.

For the Rattlesnake-Wallula alignment, which passes along the southwest boundary of the
Hanford Site, the NRC estimated a maximum magnitude of 6.5, and for Gable Mountain, an
east- west structure that passes through the northern portion of the Hanford Site, a maximum
magnitude of 5.0. These estimates were based upon the inferred sense of slip, the fault length,

cLL' and/or the fault area. The floating earthquake for the tectonic province was developed from the
„

. ...
argestevent lccat in the Columbia Plateau, the magnitude 5.15 MlltOn-FIeewatei earthquake.a._.
The maximum swarm earthquake for the purpose of WNP-2 seismic design was a magnitude 4.0

;=w event, based on the maximum swarm earthquake in 1973. (The NRC concluded that the actual
magnitude of this event was smaller than estimated previously.)

2.5 PEDOLOGICAL CHARACTERISTICS

The term "pedology" is used to refer broadly to the study of the nature, properties,
formation, distribution, classification, function and use of soils. The term "soil" is also used
broadly as a synonym for regolith, or all unconsolidated materials which overlie bedrock.

_ _____ Pertinent sn;t characterstics provided in this section include soil classification, and general
engineering and physical properties for the regional and local scales.

The earliest study of soils in Benton County, which includes most of the Hanford Site,
was performed in 1916 by Kocher et al. (1921). Maps generated from this survey indicate that
the soils in the Hanford Site belong within four major groups that can be classified according to
their origin. The four groups included:

• Soils derived from loessial or wind-blown material
• Soils derived from eolian or wind-blown material
• Soils derived from old valley-filling material, mainly lake-laid
• Soils derived from stream laid material.

Kocher et al. (1921) mapped 26 classes of soils within these four groups, and three
classesrf-miscellaneous- ttonagricukural-tnaterial, including scabland, river wash, and dune
sand.

In a later study (Western States Land Grant Universities and Colleges and Soil
Conservation Service [SCS] 1960), which consisted of a generalized soil survey of the western

-1-Inited-States, thesoilsoftheHanford-Site- area-were-characterized-s.,iaQgely itnmature soils
formed on unconsolidated upland materials and eolian sands with few clearly-defined horizons.
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Few, or no, clearly defined soil horizons are present in regosols, or soils largely
dominated by the characteristics of the parent materials. The regosols of the Hanford Site occur
on glaciofluvial deposits that have been continually shifted and sorted by wind-erosion and

deposition. These soils support a shrub-steppe vegetation community, and are principally used
:or grazing and limited srrigat;on cr-vp productian (SCS 1960). Hajek (1966) lists and describes
15 different soil types on the Hanford Site. The soil types vary from sand to silty and sandy
loam. These are shown in Figure 2-29 and briefly described in Table 2-1. The ERDF is
located in an area with Rupert Sand and Burbank Loamy Sand.

2.6 HI'DROGEOLOGICAL CHARACTERISTICS

This subsection presents the regional and local hydrogeology for the ERDF site. The
discussion on regional hydrogeology summarizes groundwater conditions in the Pasco Basin,
detailing the primary aquifers and providing the regional context necessary to understand the

S_, local hydrogeology.

^^a•^^
2.6.1 Regional Hydrogeology

;.w.,„t

The multiaquifer system within the Pasco Basin has been conceptualized as consisting of
four geohydrologic units: (1) the Grande Ronde Basalt; (2) Wanapum Basalt; (3) Saddle
Mountain Basalt; and (4) suprabasalt Hanford and Ringold Formation sediments.
Ge3ltydrologic units 'vlder ù ,an the Grande Ronde Basalt are probably of minor importance to
the regional hydrologic dynamics and system. Lateral groundwater movement is known to
occur within a shallow, unconfined aquifer consisting of fluvial and lacustrine sediments lying
on top of the basalts, and within deeper confined to semi-confined aquifers consisting of basalt
flow tops, flow bottom zones, and sedimentary interbeds (DOE 1988). These deeper aquifers
are intercalated with aquitards consisting of basalt flow interiors. Vertical flow and leakage
between geohydrologic units is inferred and estimated from water level or potentiometric surface
data but is not quantified, and direct measurements are not available (DOE 1988).

Groundwater at the Hanford Site occurs under unconfined and confined conditions. The
unconfined aquifer is contained within the glaciofluvial sands and gravels of the Hanford
formation and the Ringold Formation. The bottom of the unconfined aquifer is the basalt
surface or, in some areas, the clay zones of the lower member of the Ringold Formation. The
confined aquifers consist of sedimentary interbeds and/or interflow zones that occur between
dense basalt flows in the Columbia River Basalt Group. The main water-bearing portions of the
interflow zones occur within a network of interconnecting vesicles and fractures of the flow tops
or flow bottoms.

From the recharge areas to the west, the groundwater flows downgradient to the
discharge areas, primarily along the Columbia River. This general west-to-east flow pattern is
interrupted locally by the groundwater mounds in the 200 Areas. From the 200 Areas, there is
also a component of groundwater flow to the north, between Gable Mountain and Gable Butte.
These flow directions represent current conditions; the aquifer is dynamic, and responds to
changes in natural and artificial recharge.

The uppermost aquifer is part of a flow system that is local to the Pasco Basin, as are the
uppermost basalt interbed aquifers (Gephart et al. 1979, DOE 1988). Groundwater in these
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aquifer systems is probably recharged and discharged locally. Deeper in the basalt, interbed
aquifer systems are part of the regional, or interbasin, flow system, which extends outside the
margins of the Pasco Basin (DOE 1988). Groundwater in the uppermost aquifer system is

------ tegionaY.y unconfined and occurs within the giaciofluvial sands and gravels of the Hanford
formation and the fluvial/lacustrine sediments of the Ringold Formation. Confined to semi-
confined aquifers of more limited extent also occur in the suprabasalt sediments of the Pasco
Basin. These confined zones are generally locatedwithin the local flow system, between the
nc nfir.ed aqui^r and the underiying basalt surface. Further discussion of the aquifer system

is provided below.

2.6.1.1 Unconfined Aquifer. The unconfined aquifer is laterally extensive, occurring below
most of the Hanford Site with saturated thicknesses ranging up to 90 m(295 ft) under the 200
West Area. The unit thins and is locally absent along the flanks of anticlinal structures (i.e.,
Gable Mountain/Gable Butte and Yakima Ridge) (Gephart et al. 1979). The base of the
unconfined aquifer is generally defined as the top of the uppermost basalt flow. Fine-grained
overbank and lacustrine deposits of the Ringold Formation, however, locally form confining or
semi-confining layers for underlying Ringold fluvial gravels.

The main body of the unconfined aquifer generally occurs within the sediments of the
Ringold Formation. In the southwestern portion of the Pasco Basin, the position of the water
table is generally within Ringold fluvial gravels. In the northern and eastern Pasco Basin, the
water table generally occurs within the Hanford formation.

2.6.1.1.1 Recharge. Natural recharge to the unconfined aquifer occurs primarily from
run-off of precipitation from higher elevation areas including Saddle Mountains, Umtanum and
Yakima ridges, and Rattlesnake Mountain (Deju and Fecht 1979, Gephart et al. 1979, DOE
1988), as well as water infiltrating from small ephemeral streams. The Yakima and Columbia
rivers also contribute to the natural recharge in places, as may the deep basalt aquifers (DOE
1988).

The movement of precipitation through the unsaturated (vadose) zone has been studied at
several locations on the Hanford Site (Isaacson et al. 1974, Jones 1978, Gee and Heller 1985,
Gee 1987, Routson and Johnson 1990, Rockhp]d et al. 1990). Although conclusions from these
studies vary the estimates of deep percolation to the uppermost aquifer are consistently low
(from 0 to 7.87 cm/yr [0 to 3.1 in/yr]). Little, if any, recharge to the groundwater occurs from
percolating rainfall on the broad areas of the desert terrain because of the high rates of
-evapotranspiration.- Gee (19871) and Routson and Johnson (1990) concluded that no downward
percolation of precipitation occurs on the 200 Areas Plateau where the sediments are layered
and vary in texture, and that all moisture penetrating the soil is removed by evapotranspiration.

Artificial recharge of the unconfined aquifer system occurs from the disposal of large
volumes of wastewater on the Hanford Site and from large irrigation projects surrounding the
i-1aan,ford Site.---Recharge t,5roughpunds and cribs in the 200 Areas is the largest single artificial
rerharoe cnnrrn Iheninnin in the late 1940s and continuing to the resent. Rechaz e frome_ ...,... , 6.. . g present.
waste-water disposal was estimated to be about 5.5x10' L/d (1.4x10' gal/d) or about 10 times
the amount of natural recharge entering the unconfined aquifer system within the Cold Creek
Valley (DOE 1988). Other artificial recharge sources include irrigation loss west of the 200
Areas (Graham 1983), infiltration ponds at Advanced Nuclear Fuels Corp (USGS 1978), and
infiltration ponds at the City of Richland well field (CWC-HDR, Inc. 1988).

2-18



^v^vc/RL-93-99, Rev. 0

2.6.1.1.2 Movement. Figures 2-30 and 2-31 illustrate the groundwater table for the
Hanford Site during January 1944 and June-August 1990, respectively. As seen in the figures,
effluent disposal has altered the groundwater flow directions and gradients at the Hanford Site.
Before operations at the Hanford Site began in 1944, the hydraulic gradient in all but the
southwestern-most portion of the Hanford Site was approximately 0.9 m/km (5 ft/mi). Regional
groundwater flow was generally toward the east-northeast. Groundwater flow north of Gable
Mountain now trends in a more northeasterly direction as a result of mounding near reactors

--------- --- and flow through Gahle ran South 0 - Ir - 1k1C4ttlt&t'- l ocally ^ the--- - - - -- ----- ^. - - - . .. ft; Cw-ts-mtBf{-•,qyt2d- Gcauy by
groundwatermounds in the 200 Afea.° Under the influence of mounding, groundwater flow in
the 200 East Area is radial with portions heading northward, passing between Gable Mountain
and Gable Butte (Delaney et al. 1991).

Over the period 1950 to 1980, water levels in the unconfined aquifer are reported to
have risen by as much as 3.7 m ( 12 ft) in the 200 East Area and 24 m (80 ft) in the 200 West
Area (DOE 1988). The rate of increase was most rapid from 1950 to 1960; the rate of increase
was slower from 1960 to 1970. From 1970 to 1980, only small increases in water table

C-D
elevation occurred, and the unconfined aquifer appears to have been in approximate steady-state
with recharge sources. This rise in water-table elevations increased the potential for downward

c'. movement of groundwater from the unconfined to the confined basalt and interbed aquifers.
:iTT
r^-..,> The degree of exchaiige which occurred between the groundwater S;StemS:Snot k,^.Cwn.

°. Studies have shown that the existing general flow pattern may reverse and return to the^^-.
pre-operationalpatteraif the artificial_recharg€ :vere-d;scentinued;-aliowifig the groundwater
mound to dissipate (DOE-RL 1990c). Data presented in Kasza et al. (1992) indicate that this
expected mound dissipation is occurring in the 200 Areas. Water level data from 1988 most
nearly corresponds to the highest groundwater levels measured in the recent past. A general
lowering of the water table is occurring beneath the 200 Areas in response to the closure of the
Gable Mountain pond and the U pond, and the decrease in disposal of process water to B pond.
From December 1988 to December 1991, the water table beneath the 200 Areas decreased in
elevation by as much as I m(3.3 ft). To the north of the 200 East Area, in the vicinity of West
Lake. the decreace was lower rabo.wt 0 s... r+ z H^l, ... i..., .y^.

2.6.1.1.3 Discharge. Groundwater discharge from the unconfined aquifer is almost
exclusively to the Columbia River along the eastern and northeastern margins of the Pasco Basin
(Deju and Fecht 1979, Gephart et al. 1979, DOE 1988). Downward leakage to the lower
confined aquifers may be occurring under the eastern groundwater mound beneath B Pond and
through features such as erosional windows discussed in Section 2.4.2 (Regional Geology).

West Lake is hydraulically connected to the unconfined aquifer and represents a
topographic depression that intersects the water table. Because of high water evaporation rates
and low surface overland flow, the lake is expected to result in a net loss of groundwater, and
thus constitute a local discharge zone (DOE-RL 1990c).

2.6.1.1.4 IIydraulic Properties. Hydraulic conductivity estimates for the unconfined
aquifer have been mapped over the Hanford Site, as shown in Figure 2-32 (DOE 1988). The
hydraulic conductivities were obtained from pumping tests (Biershenk 1957, Kipp and Mudd
1973) and are not layer specific, but apply to the combined conductivity of all layers stressed
during the test. The hydraulic conductivity range is from approximately 10' to I cm/s (I to 10'
ft/d), reflecting heterogeneity of the soils. Transmissivities vary widely regionally because of
the variable saturated thickness of the unconfined aquifer.
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Generally, saturated hydraulic conductivity is greater in the Hanford formation, where
values from 10'' to 10' cm/s (102 to 10° ft/d) are typical, than in the Ringold Formation where
hydraulic conductivities aregenerally from about 10' to 10'' cm/s (10'2 to 10= ft/d). The lower
hydraulic conductivities are associated with the low-permeability aquitards.

Fewer data are available on specific yield for the unconfined aquifer. Storage
coefficients determined in multiple well pumping tests from the unconfined aquifer ranged from
0.0002 to 0.2 (DOE 1988). Values determined at Hanford formation wells ranged from 0.03 to
0.2, whereas values in Ringold Formation wells were generally less than 0.06.

2.6.1.2 Confined Aquifers. Confined aquifers occur within the lower portion of the Ringold
Formation, but are generally more limited in areal extent than the unconfined aquifer. In the
western portion of the Pasco Basin, a confined-to-semi-confined aquifer is present within the
basal unit of the Ringold Formation (as defined by DOE 1988). A thick silt deposit (the lower
unit of the Ringold Formation as defined in DOE 1988) forms the aquitard between the
unconfined and confined zones. Other confined-to-semi-confined zones occur locally within the

cv::r middle and lower units of the Ringold Formation as a result of interfingering silt aquitards and
more permeable le^se° of sand and gravel. These zones appear to be laterally discontinuous and
likely merge with the unconfined system.

•.S
r...."7

A multiple confined aquifer system occurs within the Columbia River Basalt Group
underlying the Pasco Basin (Deju and Fecht 1979, Gephart et al. 1979, DOE 1988). The
confined aquifers consist primarily of interbeds within the basalt (DOE 1988). The interbeds
occur between basalt flow tops of the older flows and basalt flow bottoms of the younger flows
(Graham 1983). Flow interiors, comprised primarily of dense basalts, separate the interbeds
forming confining aquitards.

The uppermost interbed aquifers are found in the Saddle Mountains Basalt and include,
from youngest to oldest, the Rattlesnake Ridge, Selah, Cold Creek and Mabton interbeds.
I,-,ter'ued aquifers of the Saddle Mountains Basalt range in thickness from 6 to 35 m(20 to 110
ft) and are likely localized to the Pasco Basin by geologic structures along the basin margin
(Gephart et al. 1979, DOE 1988). Deeper interbeds which occur in the underlying Wanapum

----------and_GrandeRondeBasaltfatrmatiotes -aPpear-te behydraulieally connected with uie regional
flow system outside the Pasco Basin (DOE 1988).

2.6.1.2.1 Recharge. Recharge to the interbeds of the Saddle Mountains Basalt is
obtained directly from precipitation onto the exposed basalt ridges surrounding and within the
Pasco Basin (Deju and Fecht 1979, Gephart et al. 1979, DOE 1988). Leakage from the
unconfined aquifer also recharges at least the uppermost interbed aquifer (the Rattlesnake Ridge
interbed, which underlies the Elephant Mountain basalt member) below the 200 Areas plateau,
especially where artificial recharge has caused mounding in the unconfined aquifer (Graham
1983, DOE 1988, Delaney et al. 1991, and Connelly et al. 1992). In this area, erosion of the
Elephant Mountain member may have lead to an enhanced hydraulic connection between the
Ra«lesnake Ridge interbed and the unconfined aquifer (Graham 1983).

The deeper basalt interbed aquifers, between and within the Wanapum and Grande Ronde
Basalt Formations, obtain recharge waters in the Pasco Basin from vertical leakage of overlying
interbed aquifers within the Saddle Mountains Basalt, and horizontal inflow from the regional

-- flow systemtotlte-eastand west.
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2.6.1.2.2 Movement. Within the Pasco Basin, groundwater potentials of Saddle
Mountains Basalt indicate that groundwater flow is generally from topographically high to
topographically low regions, similar to flow in the unconfined aquifer (DOE 1988). Steep
groundwater gradients occur on the flanks of the major anticlines, including the Horse Heaven
Hills, Frenchman Hills, Rattlesnake Mountain, and Saddle mountains. Lateral groundwater
flow in the Saddle Mountains Basalt appears to mirror the surface topography and is generally
toward major surface drainage features. The predominant generalized flow direction across the
Hanford Site is from west to east (DOE 1988).

Groundwater flow in the Wanapum and Grande Ronde basalts is thought to be controlled
less by local surface drainage patterns and more by the major rivers, streams, and coulees.
Potentiometric levels in the deeper interbeds of the Wanapum and Grande Ronde basalts are
]Ilter7lreted-to _haYEaSmoQIIteF--fflCSn-aS-2-&OILSeq::e.^.^e.^.f being iPSS influenced by smaller
surface drainage features (DOE 1988).

2.6.1.2.3 Discharge. Potentiometric and hydrochemical data presented in DOE (1988)
portray the Pasco Basin, in relation to the surrounding Columbia Plateau, as an area of regional
groundwater flow convergence and probably of groundwater discharge. Regional discharge
from basalts appears to take place in the topographically low and well-dissected regions of the
plateau where groundwater flows into stream courses (DOE 1988).

Within the Pasco Basin, the Saddle Mountains Basalt apparently discharges along the
Columbia River from the confluence of the Columbia River with the Walla Walla northward,
except across the northern portion of the Hanford Site. The Saddle Mountains Basalt
-potentiometrie su face L.dtcates that the Colur„bia River is the ultimate discharge for
groundwater from these Basalts in most places where it flows over the unit. The Saddle
Mountains Basalt may also discharge into the lower Snake and Yakima rivers. In much of the
area of discharge, the Saddle Mountains Basalt discharges to the surface through the suprabasalt
sediments (DOE 1988).

2.6.1.2.4 Hydraulic Properties. Hydraulic conductivities within the basalt interbeds are
generally orders of magnitude lower than those observed in the unconfined aquifer. Aquifer
testing in interbeds of the Saddle Mountains Basalt yielded hydraulic conductivities ranging from
10- to 10-3 cm/s (10' to 1 ft/d) (DOE 1988). No values of storativity are currently available.
Storativity values, however, are anticipated to be within the range commonly reported (i.e., 10-5
to 10-3) for confined aquifers (DOE 1988).

The flow interiors of the basalt formations have hydraulic conductivities orders of
magnitude lower than the interbeds, ranging from 10" to 10' cm/s (10-10 to 10° ft/d) (DOE
1988). Storativity estimates for the basalts have not been made, but likely range from 10'S to
10'' (DOE 1988).

2.6.2 Local Hydrogeology

2.6.2.1 Vadose Zone. The vadose zone is the region above the water table in which the fluid
pressures of the sediments are negative with respect to local atmospheric pressure. It occurs
between the ground surface and the water table and is the zone through which natural and
manmade recharge waters may flow to the water table. The vadose zone beneath the ERDF site
is estimated to range from 70 to 100 m (230 to 330 ft) thick and consist of the following
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lithologic units: Hanford formation sediments, Plio-Pleistocene unit, the upper Ringold unit and
Ringold Gravel unit "E". Flow characteristics through the vadose zone depend on a variety of
properties, including particle and pore size, interconnectiveness of pores and moisture content.

7 6.2.2__S^^rabasalt_Aquifers.Thesuprabasa-lt aq„iferc beneath the proposed ERDF site
consist of the fluvial sands and gravels of the Ringold Formation and the lower Plio-Pleistocene
unit. The silts of the Plio-Pleistocene unit, the upper Ringold unit and the Ringold lower mud
unit may act as aquitards or confining units within the aquifer. The uppermost aquifer is
contained primarily within unit E of the Ringold Formation. The lower mud unit of the Ringold
Formation is known to occur beneath this aquifer in the western side of the site but the lateral
extent is not known beneath the eastern side of the ERDF. Where the lower mud unit is
present, confined aquifer conditions exist in unit A of the Ringold Formation. Units A and E of
the Ringold Formation would be combined in a single unconfined aquifer in areas where the
lower mud unit is not present. As shown on the cross-sections (Figures 2-24 to 2-27, locations
shown on Figure 2-33) the thickness of the uppermost aquifer beneath the ERDF generally
appears to range from 20 to 70 m(65-230 ft).

Groundwater levels in the area have risen significantly since the 1950's as a result of
wastewater disposalactivities condycted in the 200-A!est-Area.--T-he born„n,^n,a.e. I J..et.,

.vYUV^f.GYl YYWJ

stabilized in the late 1960's and started to decline in the mid 1980's. The groundwater level
decrease is probably due to reductions in wastewater disposal occurring in the 200 West Area.
As shown on Figure 2-33, the water table elevation generally ranges from 123 m(405 ft) along
the east side of the proposed site to 139 m(455 ft) along the west side of the site.

R'.°. U
^-^^•ti the _ • • •,^ .. a„. now b^.,^a^. me proposed ERDF s

ite ^s predotmnately from west to east---
(see Figure 2-33). Saturated hydraulic gradients based on groundwater elevations shown in
Figure 2-33 range from 0.0045 along the northern boundary of the site to 0.0025 along the
southern boundary. Limited data are available for aquifer properties of transmissivity and
hydraulic conductivity in the aquifer beneath the ERDF site. However, two wells near the site
completed to the "E" unit of the Ringold Formation were tested in 1958 and 1973. Wells 299-
W21-1 and 699-33-56 had transmissivity values of 2,700 mz/day (29,000 ft2/day) and 1,950
mz/day (21,000 ft2/day), respectively (Connelly et al. 1992) (Weekes and Borghese, 1993).
Assuming a saturated thickness of 40 m(130 ft), the hydraulic conductivities equal 70 m/day
(220 ft/day) and 50 m/day (160 ft/day).

2 7 HrTa,tAAi ^a/^rmnran
• V.rl[11\ 7\ l1Rl.n1

2.7.1 Land Use

2.7.1.1 Regional Land Use. Land use in the areas surrounding the Hanford Site includes
urban and industrial development, irrigated and dry-land farming, and grazing. Industries in the
Tri-Cities are mainly those related to agriculture and energy production (DOE 1989). Wheat,
corn, alfalfa, hay, barley, and grapes are the major crops in Benton and Franklin counties.

2.7.1.2 Hanford Site Land Use. The Hanford Site encompasses 1,450 km2 (560 mi2) and
includes several DOE operational areas. The major areas are as follows:

2-22



DOE/RL-93-99, Rev. 0

• The entire Hanford Site has been designated a National Environmental Research
Park (NERP).

• The 100 Areas, bordering on the south shore of the Columbia River, are the sites
of the eight retired plutonium production reactors and the N Reactor (also for
plutonium production), which was recently shutdown. The 100 Areas occupy
about 11 km2 (4 mi2).

• The 200 West and 200 East Areas are located on a plateau about 8 and 11 km (5
and 7 mi), respectively, from the Columbia River. These areas have been
dedicated to waste management and disposal activities. The 200 Areas cover
about 16 km2 (6.2 mi2).

• The 300 Area, located just north of the City of Richland, is the site of nuclear
research and development. This area covers 1.5 km2 (0.6 mi2).

• The 400 Area is about 8 km (5 mi) north of the 300 Area and is the site of the
FFTF used in the testing of breeder reactor systems. Also included in this area is
the Fuels and Material Examination Facility.

• The 600 Area includes all of the Hanford Site not occupied by the 100, 200, 300,
or 400 Areas. Land uses within the 600 Area include the Arid Land Ecology
Reserve (ALE), a U.S. Fish and Wildlife Service wildlife refuge, support
facilities for controlled access areas, and other lands leased to Washington state
and the Washington Public Power Supply System (Cushing 1992).

• The 1100 Area includes the 3000 Area and the Horns Rapids Landfill. It is used
for Hanford site support services.

Public Law 100-605 authorized a study of the Hanford Reach of the Columbia River.
The purpose of this study was to identify and evaluate the outstanding features of the Hanford
Reach of the Columbia River and immediate environment, and to examine alternatives for their
preservation. The draft report recommends that Congress designate the Hanford Reach of the
Columbia River a wild and scenic river (NPS 1992). The final report is expected for public
release in 1994.

2.7.1.3 Land Use at the Proposed ERDF Site. The ERDF site (including the operational
facilities and trench) extends east of the existing 200 West Area to near the US Ecology Area,
and south of the proposed road from the 200 East Area to the 200 West Area. The area of the
site is approximately 4.1 square kilometer (1.6 square miles) with dimensions of 3.2 km (2 mi)
by 1.3 km (0.8 mi). The site is not currently used.

2.7.2 Water Use

2.7.2.1 Surface Water. Water use in the Pasco Basin is primarily from surface diversion.
The Cnlumbia River is Lhe most sigaificant surface-water body in the region. It is used as a
source of drinking water, industrial process water, crop irrigation, and for a variety of
recreational activities, including fishing, hunting, boating, water skiing, and swimming.
Industrial and agricultural usage represent about 13 % and 75 %, respectively, and municipal use
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about 12%. The Hanford Site uses about 41 % of the water withdrawn for industrial purposes
l6^chinv 1Q071^..^......t, ..^.

TheHanford-ReachoftheCohunbia River is a popt:lar recreational sport fishing area.- - -
Anadromous salmonids represent the majority of the sport fish harvested. Other significant
sport catches include white sturgeon (Acipenser transmontanus), smallmouth bass (Micropterus
dolomieul) and walleye (Stizostedion vitreum) (DOE-RL 1990d).

Swimming and water skiing are popular recreational activities as well. The McNary
Reservoir is the main location for these activities in the region. A public swimming area has
also been established at Leslie R. Groves Park, which is approximately 0.8 km (0.5 mi)
downstream from the city water intake (DOE-RL 1990d).

River water intakes that are downstream from the proposed ERDF location include the
Ringold Fish Hatchery intake, the Ringold Flats irrigation intakes, the Taylor Flats irrigation
intakes, the WPPSS intake, the 300 Area process and drinking water intake, the Battelle Farm
Operations irrigation intake, the Washington State University Center irrigation intake, and the
City of Richland drinking water intake (EPA 1987).

The PNL Observatory relies on water from a spring on the side of Rattlesnake Mountain
(U.S. Army Corps of Engineers 1994).

2.7.2.2 Groundwater. Groundwater diversions account for less than 10% of water use inthe
Pasco Basin. Approximately 50% of the wells in the Pasco Basin are for domestic use and are
generally shallow pess than 150 m(500 ft)]. Agricultural wells, used for irrigation and stock
supply, make up the second-largest category of well use, about 24% for the Pasco Basin.
Industrial users account for only about 3% of the wells (DOE 1988).

The principal users of groundwater within the Hanford Site are the FFTF, with a 1988
use of 142,"000 m' (37 miiiion gallons) from two wells in the unconfined aquifer.

Groundwater within aquifers in the immediate vicinity and hydraulically downgradient of
the proposed ERDF site is not used for either drinking or irrigation. The nearest drinking water
supplywells are 400 Area. They are located about 15 km (9 mi) to the
southeast of the proposed ERDF site (PNL 1988a). However, these wells are not directly
downgradient from the proposed ERDF site.

2.7.3 Historical, Archaeological, and Cultural Resources

The Hanford Site contains numerous, well-preserved archaeological sites representing
boththeprehistoric-andhistorical periods. Management of Hanford's cuiturai resources follows
the Hanford Cultural Resources Management Plan (Chatters 1989) and is conducted by the
Hanford Cultural Resources Laboratory (HCRL) of PNL (1988b).

2.7.3.1 Archaeological Resources. More than 10,000 years of prehistoric human activity in
the Middle Columbia River region have left extensive archaeological deposits along the river
shores (Leonhardy and Rice 1970, Greengo 1982, and Chatters 1989). Well-watered areas
inland from the river show evidence of concentrated human activity (Chatters 1982, 1989,
Daugherty 1952, Greene 1975, Leonhardy and Rice 1970, and Rice 1980), and recent surveys
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have indicated extensive, although dispersed, use of and lowlands for hunting. Graves are
common in various settings, and spirit quest monuments (rock cairns) may still be found on
summits of the mountains and buttes (Rice 1968a). Throughout most of the region,
hydroelectric development, agricultural activities, and domestic and industrial construction have
destroyed or covered the majority of these deposits. Because of the limited public access to the
Hanford Site, some of the archaeological deposits found in the Hanford Reach of the Columbia
River and on adjacent plateaus have been preserved.

There are currently 228 prehistoric archaeological sites recorded in the files of the
HCRL. Forty-seven of these sites_ are_incl_uded on the National Register of Historic Places
(National Register), two as single sites (45BN121, Hanford Island Site; 45GR137, Paris Site)
and the remainder in seven archaeological districts, listed in the table below. In addition, a
nomination has been prepared for one cultural district (Gable Mountain/Gable Butte), and
renomination for two additional archaeological districts is pending (Wahluke, Coyote Rapids).
Two other sites, 45BN90 and 45BN412, are considered eligible for the National Register.
Archaeological sites include remains of numerous pithouse villages, various types of open
campsites, and cemeteries along the river banks (Rice 1968a, 1980), spirit quest monuments,
hunting camps, game drive complexes and quarries in mountains and rocky bluffs (Rice 1968b),

hu:.t.ngfkill s i tes in lowland stabi;ized dunes, and small temporary camps near perennial sources
of water located away from the river (Rice 1968b).

Historic Properties on the Hanford Site Listed on the National Register of Historic Places
(Cushing 1992):

Property Name

wooded ds'tand
Archaeological District

Savage Island
Archaeological District

Hanford Island Site

Hanford North

Archaeological District

Locke Island
Archaeological District

Ryegrass Archaeological
District

Paris Site

Rattlesnake Springs
Archaeological District

Snively Canyon

Archaeological District

100-B Reactor

Site(s) Included

45BiV107 through 45BN112, 45BN168

45BN116 through 45BN119, 45FR257 through
45FR262

45BN121

45BN124 through 45BN133, 45BN134,
45BN 178

45BN137 through 45BN140, 45BN176,
45GR302 through 45GR305

45BN 149 through 45BN 157

45GR137

45BN170, 45BN171

45BN172, 45BN173

Not Applicable

2.7.3.2 Native American Cultural Resources. In prehistoric and early historic times, the
Hanford Reach of the Columbia River was heavily populated by Native American people of
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various tribal affiliations. The Wanapum and the Chamnapum bands of the Yakama tribe dwelt
along the Columbia River from south of Richland upstream to Vantage (Relander 1956,
Spier 1936). Some of their descendants still live nearby at Priest Rapids, and others have been
incorporated into the Yakama and Umatilla reservations. Palus people, who lived on the lower
Snake River, joined the Wanapum and Chamnapum to fish the Hanford Reach and some
inhabited the river's east bank (Relander 1956, Trafzer and Scheuerman 1986). Walla Walla
and Umatiiia peopie also made periodic visits to the_area to fish. These oeoples retain
traditional secular and religious ties to the region, and many have knowledge of the ceremonies
and practices of their aboriginal culture. The Washane, or Seven Drums religion, which has
ancient roots and had its start on the Hanford Site, is still practiced by many people on the
Yakatna,_Umatilla,-Warttt-Springs, and Nez P-ercereservations. -Native-plantand-anittnl foods,
some of which can be found on the Hanford Site, are used in the ceremonies performed by sect
members. Tribal members have expressed an interest in renewing their use of these resources
in accordance with the Treaties of 1855, and the DOE is assisting them in this effort. Certain

-Jandmarks, esoecially RardPsnake Mountain, Gable Mountain, Gable Butte, Goose Egg Hill, the
White Bluffs Road and various sites along the Columbia River, are considered important or
sacred to them. The many cemeteries found along the river are also sacred.

The White Bluffs Road is a former Indian trail and freight road between White Bluffs
Ferry landing on the Columbia River and Rattlesnake Springs in the western part of the Hanford
Site (see Figure 2-34). This road was an important transportation route during the prehistoric
era and during settlement, mining, and cattle ranching eras in the Washington Territory
(Rice 1984). This history of the White Bluffs Road was reviewed by HCRL staff and was
found to meet the criteria for nomination to the National Register of Historic Places. An area is
considered eligible if it is "associated with events that have made a significant contribution to
the broad patterns of our history" (36 CFR Part 60.4, criterion A).

2.7.3.3 Historic Resources. Sixty-eight historic archaeological sites and 11 other historic
--- ------ lasalities have been recurded iu pubiished literature. Localities include the Allard Pumping

Plant at Coyote Rapids, the Hanford Irrigation Ditch, the Hanford townsite, Wahluke Ferry, the
--------- - u^^^ri,u2 nw 4' Ferry, Ar-- .rnws_m^t̂.h i.. .nurns:to..., a.. cabin at East White Bluffs°"''' °'`" townsite, theRlchmaA

----------- - - '
ferry landing, the White Bluffs road, the old Hanford High School, and the Cobblestone

--- Warehouse at Riveriand (Rice 1980). Archaeological sites include the East White Bluffs
--- -townsxta-anda.ssociatedfer*y landings,--and-an assortmento€-trash-scatters and dumps.

Thirty-eight additional sites, including homesteads, corrals, and dumps, have been recorded by
the HCRL since 1987. ERTEC Northwest was responsible for minor test excavations at some
of the historic sites, including the Hanford townsite locality. In addition to the recorded sites,
there are numerous areas of gold mine tailings along the river bank, and the remains of
homesteads, farm fields, ranches, and abandoned Army installations are scattered over the entire
Hanford Site.

iviore recent sites are the defense reactors and associated materials processing facilities
that now dominate the area. The first reactors (100-B, 100-D, and 100-F) were constructed in
1943 as part of the Manhattan Project. Plutonium for the first atomic explosion and the bomb
that destroyed Nagasaki at the end of World War II were produced in the 100-B Facility.
Additional reactors and processing facilities were constructed after World War II, during the
Cold War. All reactor containment buildings still stand, although many ancillary structures
have been removed. The 100-B Reactor has been listed on the National Register of Historic
Places. Other Manhattan Project facilities remain to be evaluated.
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2.7.3.4 Cultural Resources at the Proposed ERDF Site. The HCRL conducted a cultural
resources survey at the ERDF site during the summer of 1993. The survey identified four
archaeological sites, one paleontological site and nine isolated artifacts. One isolated artifact (a
cobble tool) was also identified during a previous survey. Based on the determination by the
State of Washington Office of Archaeology and Historical Preservation in a letter to DOElRL
dated February 4, 1994, none of the sites were considered eligible for the National Register.
However, two of the archeological sites may represent part of the greater Euro-American
ranching community in Southeast Washington State and may be considered regionally or locally
significant viewed in this context. The two sites are located outside of the ERDF boundaries
and will not be impacted by the proposed activities at the ERDF.

2.7.4 Socioeconomics

Activity on the Hanford Site plays a dominant role in the socioeconomics of the1-
Tri-Cities (Richland, Pasco, and Kennewick) and other parts of Benton and Franklin counties.

^£ The agricultural community also has a significant effect on the local economy. Any major
= changes in Hanford activity would potentially affect the Tri-Cities and other areas of Benton and

^x`?;;,;, Franklin counties. Detailed analyses of the socioeconomics are found in Scott et al. (1987) and
Watson et al. (1984).

2.7.4.1 Employment and Income. Two major sectors are currently the principal driving
forces of the economy in the Tri-Cities since the early 1970s: (1) the DOE and its contractors,
operating the Hanford Site; and (2) the agricultural community, including a substantial
food-processing component. Most of the goods and services produced by these sectors are
exported outside the Tri-Cities. In addition to the direct employment and payrolls, these major
sectors also support a sizable number of jobs in the local economy through their procurement of
equipment, supplies, and business services. In addition to these two major employment sectors,
three other components are contributors to the economic base of the Tri-Cities economy; other
major employers, tourism, and retired persons.

The unemploymenr rate fluctuates seasonally due to the agricultural sector. The 1992
average unemployment for the Tri-Cities was 8.5%. Average unemployment in Benton and
Franklin Counties in 1992 was 7.6% and 11.9%, respectively. The unemployment rate in
Franklin County was higher due to the larger agricultural sector in Franklin County
(Washington State Department of Employment Security 1993).

---2.7.4.2--:T.att.ord-atdtheLocal and State Ecottomy. In 1991, Hanford employment
accounted directly for 24% of total nonagricultural employment in Benton and Franklin counties
and slightly more than 0.6% of all nonagricultural statewide jobs. In 1991, Hanford Site
operations directly accounted for an estimated 42% of the payroll dollars earned in the area
(Cushing 1992).

Hanford contractors spent nearly $154 million, or 47.5% of total procurement of
$324 million, initially through Washington firms in 1986. About 18% of Hanford orders were
filled by Tri-Cities firms. In many cases, these procurement filled by Tri-Cities firms only
result in retail and wholesale markups; however, a significant portion of all Hanford orders,

-$6:6 million, are placed directly to Washington manufacturers (Cushing 1992).

2-27



DOE/RL-93-99, Rev. 0

Hanford contractors paid a total of $10.9 million in FY 1988 in state taxes on operations
and purchases. Estimates show that Hanford employees paid $27.0 million in state sales tax,
use taxes, and other taxes and fees in FY 1988. In addition, Hanford paid $0.9 million to local
goverm-..ent in Benton, Franklin, and `r'akima counties in local taxes and fees (Scott et al. 1989).

2.7.4.3--Deraography-.- -Estitnates-by t,.e-U.S. Bureau of the Census for 1990 (U.S. Department
of Commerce 1991) placed the population totals for Benton and Franklin counties at 112,560
and 37,473, respectively. When compared to the 1980 census data in which Benton County had
109,444 residents and Franklin County's population totaled 35,025, the 1990 Census figures
reflect the current growth occurring in these two counties. Within each county, the 1990
estimates distribute the Tri-Cities population as follows: Richland, 32,315; Kennewick, 42,159;
and Pasco, 20,337. The combined populations of Benton City, Prosser, and West Richland
totaled 10,244 in 1990. The unincorporated population of Benton County was 27,842. In
Franklin County, incorporated areas other than Pasco have a total population of 2,424. The
unincorporated population of Franklin County was 14,712 (Cushing 1992).

2.7.4.4 Housing. In 1990, nearly 92% of all housing (of 38,781 total units) in the Tri-Cities
4, F^! was occupied. Single-unit housing, which represents nearly 5896 of the total units, has a 96%
T^-- ------- -- ----occupancy-rate4hrocghout t~e-Tri-Cities: Multiple-urrii housing, defined as housing with two or
j more units, has an occupancy rate of nearly 9196, a 10% increase from 1989. Pasco has the

lowest occu-aricY rate, 89%, in all categories of housing; followed by Kennewick, 93%, andoccupancy
Richland, 94%. Representing 9% of the housing unit types, mobile homes have the lowest
occupancy rate, 81 %. In 1989, mobile homes had the highest occupancy rate, 93 %
(Cushing 1992).

2.7.4.5 Transportation.

2.7.4.5.1 Tri-Cities Area. The Tri-Cities serve as a regional transportation and
distribution center with major air, land, and river connections. The Tri-Cities have direct rail
service, provided by Burlington Northern and Union Pacific, that connects the area to more than
35 states. Docking facilities at the Ports of Benton, Kennewick, and Pasco are important
aspects of this region's infrastructure. These facilities are located on the 525-km-long
(326-mi-long) commercial waterway, which comprises the Snake and Columbia rivers, that
extends from the Ports of Lewiston-Clarkston in Idaho to the deep-water ports of Portland,
Oregon, and Vancouver, Washington (Evergreen Community Development Association 1986).
Daily airpasaenge_r andfreight-services conne£Efhe-area-w'.•,h most major cities tnrough the
Tri-Cities Airport, located in Pasco. The airport is currently served by one national and two
commuter-regional airlines. The Tri-Cities are linked to the region by five major highways;
Route 395, Route 240, Interstate 84, Interstate 82, and Route 14 (Cushing 1992).

2.7.4.5.2 Hanford Site Transportation. The transportation network for the Hanford
Site is shown in Figure 2-35. The Hanford Site railroad system extends from the west side of
Richland-, Washington-, ihroughout-theHanforu' Site: Tne DOE controls the rail access into the
Hanford Site; the agency trackage ties in with the Union Pacific Railroad tracks southeast of the
Richland "Y" area near the U.S. Highway 12 and Route 240 interchange. The Burlington
Northern and Union Pacific have trackage rights over the DOE trackage between the Richland
"Y" area and the DOE 1100 Area. The DOE tracks serving the Hanford Site are installed
parallel to the Route 240 bypass around the Richland, Washington urban area (DOE 1986). The
roads and highways on the Hanford Site are also shown in Figure 2-35. Routes 240 and
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24 traverse the Hanford Site and are maintained by Washington State. Other roads within the
reservation are maintained by the DOE (Cushing 1992).

2.7.4.5.3 ERDF Transportation. The existing transportation network in the ERDF
area is shown in Figure 2-36.

2.7.4.6 Educational Services. Primary and secondary education are served by the Richland,
Kennewick, Pasco, and Kiona-Benton school districts. Post-secondary education in the
Tri-Cities area is provided by a junior college, Columbia Basin College (CBC), and the
Tri-Cities branch campus of Washington State University (WSU-TC). These institutions
emphasize technical and vocational programs (Cushing 1992).

2.7.4.7 Health Care and Human Services. The Tri-Cities have three major hospitals and
four minor emergency centers. The three hospitals are the Kadlec Medical Center, located in
Richland, the Kennewick General Hospital and Our Lady of Lourdes Hospital, located in Pasco.
All three hospitals offer general medical services and include a 24-hour emergency room, basic
x+trgical servic2sj-intensive-care;-and neonatal care (Cushing i992).

The Tri-Cities offer a broad range of social services. State human service offices in the
Tri-Cities include the Job Services office of the Employment Security Department; Food Stamp
offices; the Division of Developmental Disabilities; Financial and Medical Assistance; the Child
Protective Service; emergency medical service; a senior companion program; and vocational
rehabilitation (Cushing 1992).

2.7.4.8 Police and Fire Protection. Police protection in Benton and Franklin counties is
provided by Benton and Franklin counties' sheriff departments, local municipal police
departments, and the Washington State Patrol Division headquartered in Kennewick. The
Kennewick, Richland, and Pasco municipal departments maintain the largest staffs of
commissioned officers with 53, 44, and 38, respectively (Cushing 1992).

There were 117 paid fire-fighters in the Tri-Cities in 1992. The Hanford site has its own
__---fire fighters. 1ltereare 126 firgfightersinths Hanfnrrl Fire Pat.rol, uained to dispose of

hazardous/dangerous waste and to fight chemical fires. Each station has access to a Hazardous
Material Response Vehicle that is equipped with chemical fire extinguishing equipment, an
attack truck that carries foam, halon, and Purple-K dry chemical, a mobile air truck that
provides air for gasmasks; and a transport tanker that supplies water to six brush trucks. They
have five ambulances and contact with local hospitals (Cushing 1992).

2.7.4.9 Parks and Recreation. The convergence of the Columbia, Snake, and Yakima rivers
offers the residents of the Tri-Cities a variety of recreational opportunities. The Lower Snake
River Project provides boating, camping, and picnicking facilities in nearly a dozen different
areas along the Snake River. In 1986, nearly 385,000 people visited the area and participated in
activities along the river. The Columbia River also provides ample water recreational
opportunities on the lakes formecL bylhedams. - LakeWallula, formed by McNary Dam, offers
a large variety of parks and activities, which attracted more than 3 million visitors in 1986. The
Columbia River Basin is also a popular area for migratory waterfowl and upland game bird
hunting (Cushing 1992).
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2.7.4.10 Utilities.

2.7:$.10.1 VJater. The principal source of water in the Tri-Cities and the Hanford Site
is the Columbia River from which the water systems of Richland, Pasco, and Kennewick draw a
large portion of the average 11.38 billion gallons_used in_1991. Each city onerates its own
supply and treatment system (Cushing 1992). More information on water use is presented in
Section 2.7.2.

The major incorporated areas of Benton and Franklin counties are served by municipal
wastewater treatment systems, whereas the unincorporated areas are served by onsite septic
systems. Richland's wastewater treatment system is designed to treat a total capacity of 27 mil-
lion m'/yr (7,100 million gal/yr). Currently, the daily average flow is 34,000 m'/day
(8.9 million gal/day) with a peak flow of 170,000 m'/day (144 million gal/day) (Cushing 1992).

2.7.4.10.2 Electricity. In the Tri-Cities, electricity is provided by the Benton County
Public Utility District, Benton Rural Electrical Association, Franklin County Public Utility
District, and City of Richland Energy Services Department. All the power that these utilities
provide in the local area is purchased from the Bonneville Power Administration (BPA), a
federal power marketing agency. Natural gas, provided by the Cascade Natural Gas
Corporation, serves a small portion of residents, with 4,800 residential customers in June 1992
(Cushing 1992).

Electrical power for the Hanford Site is purchased wholesale from BPA. Energy
requirements for the Site during FY 1988 exceeded 550 average MW (Cushing 1992). The

--- -- -- --------- -----Hanfort# cleetrical d st ibution system is used to distribute power to the bulk of the Hanford
Site. The City of Richland distributes power to the 700, 1100, and 3000 areas, which constitute
approximately 2% of the total Hanford Site usage (DOE-RL 1993d).

2.7.4.10.3 200 Area Utilities. Sanitary wastes are currently disposed of through septic
tanks and drain fields at the 200 Area. The construction of a central collection and treatment
evaporation plant is being considered to handle the sanitary sewer (DOE-RL 1993d).

The 200 Areas have two types of water: sanitary (potable) water used for sanitary uses
such as drinking water, showers, and laundry; and raw (export) water used for fire protection
and other non-potable uses. The sanitary water is pumped and treated. Raw water is drawn
from the Coiumbia River. A looped water system was installed in the 200 areas in 1992. This
allows for fire protection and repairs to take place at the same time (DOE-RL 1993d). The
communication system is a fiber network system.

2.7.4.11 Visual Resources. The land in the vicinity of the Hanford Site is generally flat with
little relief. Rattlesnake Mountain, rising to 1060 in above mean sea level, forms the western
boundary of the site,and Gable Mountainand .C.,able-Buttearethehighestlandfarms-withinthe
site. Both the Columbia River, flowing across the northern part of the site and forming the
eastern boundary, and the spring-blooming desert flowers provide a visual source of enjoyment
to people. The White Bluffs, steep bluffs above the northern boundary of the river in this
region, are a striking feature of the landscape (Cushing 1992).

2-30



DOE/RL-93-99, Rev. 0

2.7.5 Noise

Studies at Hanford of the propagation of noise have been concerned primarily with occu-
pational noise at work sites: Environmental noise levels have not been extensively evaluated
because of the remoteness of most Hanford Site activities and isolation from receptors that are
covered by federal or state statutes. The majority of available information consists of model
predictions, which in many cases have not been verified because the predictions indicate that the
potential to violate state or federal standards is remote or unrealistic (Cushing 1992).

2.7.5.1 Background Noise Levels at the Hanford Site. Environmental noise measurements
were made in 1981 during site characterization of the Skagit/Hanford Nuclear Power Plant Site
(PSPL 1982b). Fifteen sites were monitored and noise levels ranged from 30 to 60.5 dBA
(Leq). The values for isolated areas ranged from 30 to 38.8 dBA. Measurements taken around
the sites where the Supply System was constructing nuclear power plants (WNP-1, WNP-2, and
WNP-4) ranged from 50.6 to 64 dBA. Measurements taken along the Columbia River near the
intake structures for WNP-2 were 47.7 and 52.1 dBA compared to more remote river noise
levels of 45.9 dBA (measured about 5 km [3 mi] upstream of the intake structures).
Community noise levels in North Richland (3000 Area at Horn Rapids Road and the By-Pass
Highway) were 60.5 BA (Cushing 1992).

In addition, site characterization studies performed in 1987 included measurement of
background environmental noise levels at five sites on the Hanford Site. Noise levels are
expressed as equivalent sound levels for 24 hours (Leq-24). Wind was identified as the primary
contributor to background noise levels with winds exceeding 12 mph significantly affecting noise
levels. Coleman concludes that background noise levels in undeveloped areas at Hanford can
best be described as a mean Leq-24 of 24 to 36 dBA. Periods of high wind, which normally
occur in the spring, would elevate background noise levels (Cushing 1992).

2.7.5.2 Hanford Site Sound Levels. Although most industrial facilities on the Hanford Site
are located far enough away from the site boundary that noise levels at the boundary are not
distinguishable from background noise levels, there is the potential for producing noise from
field activities, such as well drilling and sampling (Cushing 1992).

In the interest of_protectingIianfordworkers and cnmplying with Occupational Safety
and Health Administration (OSHA) standards for noise in the workplace, the Hanford
Environmental Health Foundation has monitored noise levels resulting from several routine
operations performed at Hanford. Occupational sources of noise propagated in the field are
summarized in the table below. These levels are reported here because operations such as well
sampling are conducted in the field away from established industrial areas and have the potential
for dis^srbing sensitive wildlife (iushing 1992).
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Monitored Levels of Noise Propagated from Outdoor Activities at the Hanford Site
(Cushing 1992)

Activity Average Noise Maximum Noise Year
Level (Decibels) Level (Decibels) Measured

Water wagon operation 104.5 111.9 1984

Well sampling 74.8 - 78.2 1987
Truck 78 - 83 1989
Compressor 88 - 90
Generator 93 - 95

Well drilling, Well 32-2 98 - 102 102 1987

Well drilling, 32-3 105 - 11 120- 125 1987

Well drilling, 33-29 89 - 91 1987

Pile driver (diesel 5 ft from 118 - 119 1987
source)

Tank farm filter building 86 1976
(.v ft from source)

2.8 ECOLOGY

The Hanford Site is a relatively large, undisturbed area [1450 km2 (-560 mi^] of
shrub-steppe habitat that contains numerous plant and animal species adapted to the region's
semiarid environment. The relatively undisturbed native sagebrush-steppe habitat, riparian
habitat, sand dunes and unique habitats associated with canyons, basalt outcrops and cliffs,
promote biodiversity and support ecologically important species. Important species include
plant species of medicinal and dye value, commercial and recreational wildlife including state-
and federal-listed and candidate threatened or endangered species, as well as species making up
criticalhabitat usedbylistedand-candidate species. The site consists of mostly undeveloped
land with widely spaced clusters of industrial buildings located along the western shoreline of
the Columbia River and at several locations in the interior of the site. The industrial buildings
are interconnected'oy roads, railroads, and electrical transmission lines. The major facilities
and activities occupy about 6% of the total available land area, and their impact on the
surrounding ecosystems is minimal. Most of the Hanford Site has not experienced tillage or
livestock grazing since the early 1940s. Fire can affect the distribution of vegetation. The
wildfires that occurred in 1981 and 1984 burned much of the sagebrush from Rattlesnake
Mountain. This is discussed further in Section 2.8.1.1.

The Columbia River flows through the Hanford Site, and although the river flow is not
directlv-impede^i-by-artifcial-dams-w^i6hin the-Ha^^̂ rd Site, the h;storicai dauy and seasonal
water fluctuations have been changed by dams upstream and downstream of the site (Rickard

and Watson 1985). The Columbia River and other water bodies on the Hanford Site provide
habitat for aquatic organisms. The Columbia River is also accessible for public recreational use
and commercial navigation. Other descriptions of the ecology of the Hanford Site can be found
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in ERDA (1975), Rogers and Rickard (1977), Jamison (1982), and Watson et al. (1984), among
others. Some of the information presented in this section is adapted from Downs et. al. (1993).

2.8.1 Hanford Site Terrestrial Ecoloev

2.8.1:1 Vegetation. The Hanford Site has been botanically characterized as shrub-steppe
habitat (Daubenmire 1970) and is considered to contain one of the largest tracts of undisturbed
native sagebrush steppe remaining in the State of Washington. The vegetation mosaic of the
Hanford Site currently consists of 10 major kinds of plant communities:

• sagebrush/bluebunch wheatgrass
• sagebrush/cheatgrass or sagebrush/Sandberg's bluegrass

• sagebrush-bitterbrush/cheatgrass
• greasewood/cheatgrass-saltgrass

• winterfatJSandberg's bluegrass

• thyme buckwheat/Sandberg's bluegrass
• cheatgrass-tumble mustard
• willow or riparian

• spiny hopsage

• sand dunes.

The distribution of the dominant plant communities is shown in Figure 2-37. The
sagebrush/cheatgrass (Sandberg's bluegrass) community is perhaps the most common in the 200

Area. In the early 1800s, the dominant plant in the area was big sagebrush with an understory
of perennial bunchgrasses, especially Sandberg's bluegrass and bluebunch wheatgrass.
Livestock grazing and crop raising have altered the natural vegetation mosaic and subjected it to
persistent invasion by alien annuals, especially cheatgrass. Today, cheatgrass is the dominant
plant on fields that were cultivated 40 years ago and is also well established on rangelands at
elevations less than 244 m(800 ft) (Rickard and Rogers 1983).

The dryland areas of the Hanford Site were treeless in the years before land settlement;
however,- for-several-decades-before- 1943, ^trees were-gianted and irrigated on most of the farms
to provide windbreaks and shade. When the farms were abandoned in 1943, some of the trees

died but others-have-persisted. -Today--these treea-are ecologically important because they serve
as nesting platforms for several species of birds, including hawks and owls, and as night roosts

_ for winterinv hald eaoinc /Rir4y*A and Watson 9Q5N
u u..u r uwvu ^.

The release of water used as industrial process coolant streams at the Hanford Site
facilities created several semi-permanent artificial ponds that did not exist before these
industrial releases commenced. Over the years, stands of cattails, reeds, and trees, especially
willow, cottonwood, and Russian olive, have developed around the ponds. These ponds are
ephemeral and will disappear if the industrial release of water is terminated; in fact, many of
these have been discontinued and no longer exist. No ponds or ditches are located at the ERDF
site.

Almost 600 species of plants have been identified on the Hanford Site (Sackschewsky
et al. 1992). More than 100 species of plants have been identified in the 200 Area Plateau
(ERDA 1975). The dominant plants on the 200 Area Plateau are big sagebrush, rabbitbrush,
cheatgrass, and Sandberg's bluegrass, with cheatgrass providing half of the total plant cover.
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Cheatgrass and Russian thistle, which are annuals introduced to the United States from Eurasia
in the late 1800s, invade areas where the ground surface has been disturbed. A food web
centered on cheatgrass is shown in Figure 2-38 (modified from Watson et al. 1984). The main
links leading to man would be through mule deer and chukars. Other pathways leading to man
through terrestrial food webs could be via upland game birds and elk. Certain desert plants
have roots that grow to depths approaching 10 m(33 ft) (Napier 1982); however, root
penetration tothesedeaths has not been demonstrated for plants in the 200 Areas. Rabbitbrush
roots have been found at a depth of 2.4 m (8 ft) near the 200 Areas (Klepper et al. 1979).
:.:osses and lichens appear abundantly on the soil surface; lichens commonly grow on the shrub
stems.

The important desert shrubs, big sagebrush and bitterbrush, are widely spaced and
usually provide less than 20% canopy cover. The important understory plants are grasses,
especially cheatgrass, Sandberg's bluegrass, Indian ricegrass, June grass, and needle-and-thread
grass. A list of plants is given in Table 2-2.

Mature shrub-steppe provides important habitat for a number of plant and animal species
of concern that depend on the shrub component, usually sagebrush, for nesting, food and
protection. Bitterbrush shrubs provide browse for a resident herd of wild mule deer. Certain
passerine birds rely on sagebrush or bitterbrush for nesting (i.e., sage sparrow, sage thrasher,
and loggerhead shrike). Certain species of birds nest only in the mature big sage located south
of the 200 Areas. For example, loggerhead shrikes prefer to nest in shrubs with an average
height of about 2 meters (6 feet). Loggerhead shrikes are year-round residents that are present
at low densities. Sage sparrows are common summer residents of the Hanford Site that are
restricted almost entirely to sagebrush stands. Mature shrub-steppe habitat also provides prime
foraging habitat for a variety of raptor species. Shrub-steppe habitat available for species of
concern on the Hanford Site may become a more critical issue as agricultural, industrial and
urban development decrease the amount of this habitat type in eastern Washington.

Sagebrush and bitterbrush are easily killed by summer wildfires, but the grasses and
other herbs are relatively resistant and usually recover in the first growing season after burning.
The most recent and extensive wildfire occurred in the summer of 1984. Fire usually opens the

------- -- cor nuniy to wind erosion. The severiiy of erosion depends on the severity and areal extent of
the fire. Hot fires incinerate entire shrubs and damage grasscrowns. Less intensive fires leave
dead stems standing, and recovery of herbs is prompt. Bitterbrush shrubs are slow to recolonize
burned areas because bitterbrush does not re-sprout even when fire damage is light. Re-
establishment of bitterbrush occurs using seeds.

2.8.1.2 Insects. More than 300 species of terrestrial and aquatic insects have been found on the
Hanford Site (ERDA 1975). Grasshoppers and darkling beetles are among the more
conspicuous groups and, along with other species, are important in the food web of the local
birds and mammals. Most species of darkling beetles occur throughout the spring to fall period,
although some species are present only during 2 or 3 months in the fall (Rogers and Rickard
1977). Grasshoppers are evident during the late spring to fall. Both groups are subject to wide
arutual variationsin abunda.nce.d'rrasshoppers are a food source thr the Swainson's hawk,
which is a federal candidate for threatened and endangered designation.

2.8.1.3 Reptiles and Amphibians. Twelve species (Table 2-3) of amphibians and reptiles are

known to occur on the Hanford Site (Fitzner and Gray 1991). The occurrence of these species

is-infreqnent-wheRcompared-w-ith s.milflr-f8nna-Elftl:e SoutltwesterniiniteLl itate$, The
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side-blotched lizard is the most abundant reptile and can be found throughout the Hanford Site.
Short-horned and sagebrush lizards are also common in selected habitats. The most common
snakes are the gopher snake, the yellow-bellied racer, and the Western rattlesnake, which are
found throughout the Hanford Site. Striped whipsnakes and desert night snakes are rarely
found, but some sightings have been recorded for the site. Toads and frogs are found near the
permanent water bodies and along the Columbia River.

2.8.1.4 Birds. Fitzner and Gray (1991) and Landeen et al. (1992) have presented data on
birds observed on the Hanford Site. The horned lark and western meadowlark are the most
abundant nesting birds in the shrub-steppe. Some of the more common birds present on the
Hanford Site are listed in Table 2-4. The game birds inhabiting terrestrial habitats at Hanford
are the chukar, gray partridge, and mourning dove. The chukar and grey partridge are year-
round residents, but mourning doves are migrants. Although a few doves overwinter in south-

eastern Washington State, most leave the area by the end of September (Cushing 1992).
Mourning doves nest on the ground and in trees all across the Hanford Site. Chukars are most

"'"`- Yaki,-„a Ridge, ii^n^anum Ridge, Saddle Mountains, and-numefCUg OR Ratt123nak£ vivuuwui,

Gable Mountain areas of the Hanford Site and are somewhat rare on the 200 Area Plateau, but a
few birds are known to inhabit the plateau. Gray partridges are not as numerous as chukars,
and their numbers also vary greatly from year to year. Sage grouse populations have declined
on the Hanford Site since the 1940s, and it is likely that there are no nesting sage grouse on the
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Center, located to the north and west of the Hanford Site. Other game birds present on the
Hanford Site include ring-necked pheasant and California quail.

In recent years, the number of nesting ferruginous hawks has increased, at least in part
because the hawks have accepted steel powerline towers as nesting sites. Only about 50 pairs
are believed to be nesting in the state of Washington. Other raptors that nest on the Hanford
Site are the prairie falcon, northern harrier, red-tailed hawk, Swainson's hawk, and kestrel.
Burrowing owls, great horned owls, barn owls, and long-eared owls also nest on the Site but in
smaller numbers.

Passerine species inhabiting terrestrial habitats at Hanford include the loggerhead shrike,
sage sparrow, and the Western meadowlark. Loggerhead shrikes are year-round residents,
although they occur at relatively low densities (Poole 1992). They nest from March through
August in undisturbed portions of the big Sagebrush/Sandberg's bluegrass community. The
approximate density of the loggerhead shrike is 3.5 pairs/kmZ (9.1 pairs/miz). Sage sparrows
are a common summer resident of the Hanford Site (Fitzner and Rickard 1975). These small
passerines are restricted in their distribution almost entirely to sagebrush stands (Schuler et.al.
1988). Sage sparrow abundance on the 200 Area Plateau has been shown to be related to
sagebrush density (Schuler et. al. 1988). Sage sparrow density is up to 7.5 birds/kmZ (19
birds/mi2) in undisturbed areas of the 200 Area Plateau.

2.8.1.5 Mammals. Approximately 39 species of mammals have been identified on the
Hanford Site (Fitzner and Gray 1991) (Table 2-5). The largest vertebrate predator inhabiting
the Hanford Site is the coyote, which ranges all across the Site. Bobcats and badgers also
inhabit the Hanford Site but in low numbers. Black-tailed jackrabbits are common on the
Hanford Site, mostly associated with mature stands of sagebrush. Cottontails are also common
but appear to be more closely associated with the buildings, debris piles, and equipment
laydown areas associated with the onsite laboratory and industrial facilities.
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Townsend's ground squirrels occur in colonies of various sizes scattered across the
Hanford Site and marmots are scarce. The most abundant mammal inhabiting the Site is the
Great Basin pocket mouse. It occurs all across the Columbia River plain and on the slopes of
the surrounding ridges. Other small mammals include the deer mouse, harvest mouse,
grasshopper mouse, montane vole, vagrant shrew, and Merriam's shrew.

Seven species of bats inhabit the Hanford Site, occurring mostly as fall or winter
migrants. The pallid bat frequents deserted buildings and is thought to be the most abundant of
the various species. Other species include the hoary bat, silver-haired bat, California brown
bat, little brown bat, Yuma brown bat, and Townsend's big-eared bat.

Mule deer are found throughout the Hanford Site, although areas of highest
concentrations are on the ALE Reserve and along the Columbia River. Deer populations on the
Hanford Site appear to be relatively stable. The herd is characterized by a largeTrstportion of

very oid anirrtais (EberhardT et aL 1982): lslands in the Hanford Reach of the Columbia River

are used extensively as fawning sites by the deer (Eberhardt et al. 1979) and thus are a very
important habitat for this species. Hanford Site deer frequently move offsite and are killed by
hunters on adjacent public and private lands (Eberhardt et al. 1984).

2.8.2 Species of Special Concern at the Hanford Site

The remaining undisturbed shrub-steppe habitat at the Hanford Site has been designated
priority habitat by the Washington State Department of Wildlife due to its relative scarcity in the
state and its importance as nesting, breeding and foraging habitat for state- and federal listed or
candidate sensitive species. This designation is a proactive measure to prevent species from
becoming threatened or endangered. Threatened and endangered plants and animals identified
on the Hanford Site, as listed by the federal government (50 CFR 17) and Washington State
(vWashington Natural Heritage Program 1994), are shown in Tables 2-3, 2-4, 2-5, and 2-6. No
plants or mammals on the federal list of Endangered and Threatened Wildlife and Plants are
known to occur on the ERDF Site. There are, however, several species of both plants and
animals that are of concern or are under consideration for formal listing by the federal
government and Washington State.

2.8.2.1 Plants. The Washington Natural Heritage Program, administered by the Department
of Natural Resources, is tasked with monitoring the status of vascular plants in the state of
Washington. Plant species are designated as endangered, threatened, sensitive, or monitored
according to the species' status in Washington state. Columbia milkvetch (Astragalus
coiunwianus) and Hoover's desert parsley (Lomatium tuberosum) are listed as threatened, and
persistentsepal yellowcress(Rorippa caluanbiae) and northern wormwood (Artemisia campestris
borealis var. wormskioldfl) are designated as endangered. These four plant species are also
listed as candidate species by the Federal government. Columbia milkvetch occurs on dry land
benches along the Columbia River in the vicinity of Priest Rapids Dam, Midway, and Vernita;

-
it also has been found on top of Umtanum Ridge and in Cold Creek Valley near the present
vineyards. Hoover's desert parsley grows on steep talus slopes in the vicinity of Priest Rapids
Dam, Midway, and Vernita. Yellowcress occurs in the wetted zone of the water's edge along
the Columbia River. Northern wormwood is known to occur near Beverley and could inhabit
the northern shoreline of the Columbia River across from the 100 Areas.
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Thompson's sandwort (Arenaria franklfnii v. thompsonii) is listed as a monitored species

and is known to occur in stabilized sand dunes in the vicinity of the 200 Area (DOE 1987).
Other plant species designated as sensitive by the Washington State National Heritage program
and likely to be found in the dryland areas of the Hanford Site are Piper's daisy (Erigeron
piperianus), and gray cryptantha (Cryptantha leucophaea) (DOE 1989). False yarrow
(Chaenactis douglassii var. glandulosa) is also likely to be found in these areas but it has been
re-classified from a sensitive species to a monitor species. A recent survey of the proposed
ERDF site identified stalked-pod milkvetch (Astragalus sclerocarpus), a Washington State
monitored species, as the only state listed plant present. Table 2-6 lists plant species of special
concern and their state and federal status that have been identified at the 200 Area and other
locations on the Hanford Site.

2.8.2.2 Animals. Both the Washington Department of Wildlife and U.S. Fish and Wildlife
Service are responsible for monitoring the status of animal species (Woodruff and Hanf 1992).
The sage sparrow (Amphispiza belli), and sage thrasher (Oreoscoptes montanus) are listed as

;;= state candidate species, and depend on sagebrush and bitterbrush for nesting although the sage
r` thrasher is not known to nest near the 200 Area (DOE 1987). The loggerhead shrike (Lanius

ludovicianus) is listed as a state and federal candidate species and also inhabits ftaagebrush-
___ _-------bitterbn3shenvironmeat_- The grasshopper sparrow(Amtnodramussavanna;,an) is a state

monitored species found at the Hanford Site. Golden eagles (Aquila chrysaetos) are winter
visitors to the Hanford Site and forage in the vicinity of the 200 Area. Burrowing owls (Athene
cunlcularia)-nest 3n--thegraundand-forage-in-the vicinity of the 200 Area. Swainson's hawks
(Buteo swainsom) are known to use planted trees in the 200 Area for nesting sites and forage in
the area. The golden eagle, burrowing owl, and Swainson's hawk are Washington state
candidate species. The long-billed curlew (Numenius americanus) has been proposed for
monitor status in Washington state, is a federal candidate species, and is known to nest on the
ground in the vicinity of the 200 Area. Table 2-4 lists bird species known to occur at the
Hanford Site and their state and federal status.

The pallid bat (Antrozouspallidus), a state monitored species, is likely to inhabit the 200
Area. Merriam's shrew (Sorex merriami), a state candidate species, and Townsend's big-eared
bat-(Pleustus toi?msendit3, -a-federal c-andidate species, are also found at the Hanford Site. The
pygmy rabbit (Brachylagus idahoensis), a federal candidate and is a state endangered species, is
a potential inhabitant of the Hanford Site, but none have been found at the Site. The striped
whipsnake (Masticophis taeniatus) listed by the state as candidate species, and the woodhouse
toad (Bufo woodhouset) and the desert night snake (Hypsiglena torquata desertia) are listed as
monitored species. Table 2-5 lists mammals known to occur at the Hanford Site and their state
and federal status. Table 2-3 lists amphibians and reptiles known to occur at the Hanford Site
and their state status (none are listed by the Federal government).

2.8.3 Wildlife Refuges

Several national and state wildlife refuges are located on or adjacent to the Hanford Site.
These refuges are shown in Figure 2-39.
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2.8.4 ERDF Ecology

A recent survey of the planned ERDF site found it to be primarily undisturbed sagebrush
habitat that had not sustained significant fire damage. The recent surveys identified long-billed
curlews, sage sparrows, and loggerhead shrikes as nesting in the area. Grasshopper sparrows
were present and possibly nesting at the site. Swainson's hawks were observed hunting in the
area. Burrowing owls, while not observed during the surveys, have been seen at the site in the
past and are presumed to currently inhabit the area.

2.9 CHARACTERISTICS OF FBVE-GRAINED SOILS BORROW SITE
(MCGEE RANCH)

2.9.1 Site Description

The McGee Ranch area is the proposed borrow site for fine-textured soils, although a
complete evaluation of the impacts on cultural, historical, and ecological resources and a
mitigation plan remain to be completed before the site can be developed. As shown in Figure
2-40, McGee Ranch is located approximately 5 km (3 mi) northwest of the 200 West Area.
Figure 2-41 illustrates the general site topography. The ground surface generally slopes to the
east or southeast and is dissected by approximately 10 east-trending ephemeral streams. The
McGee Ranch has been identified as a potential borrow site for fine-grained sediments that may
be used in the construction of closure covers at the ERDF and other locations at the Hanford
Site. The fine-grained materials would be used in the closure covers as top-soil material and
also as low-permeability barrier material. Use of this site as a source of fine-textured soils is

not impactedbyinctuswn ef *ha .!ICGee Ranch-as pa.^, of the 1^0-,r-i operable unit.

2.9.2 Characteristics of Site Sediments and Fine-Grained Sediment Volume Estimates

2.9.2.1 Geological Characteristics. The geological characteristics of the McGee Ranch
discussed in this section are based on two characterization efforts conducted within the McGee
Ranch. The first characterization effort investigated an area of the site referenced as Area A on

- - - -
Figure 2-41 (Last et al. 1987). The second effort evaluated the area referenced as Area B on
Figure 2-41 (Lindberg 1994).

The evaluation of Area A was based on a series of boreholes drilled, sampled and logged
to the first significant gravel layer detected. Sediments from each boring were classified based

-or.-grain-siie ir,to one of 19 sedi«<ent ciassifications. A layer of fine-grained sediments was
identified immediately below the surface at Area A and ranges in thickness from 0.5 to 10 in
(1.6 to 32.8 ft). A layer of silty-sandy gravel was identified directly beneath the surficial layer
of fine-grained sediments.

Characterization9f Area_B- oflhe-McGee-Ranchis also bas-,N on a series of boreholes.
--dn-most cases, borehole sampling was discontinued when carbonate-cemented, silty, sandy-

gravels were intercepted. However, a few boreholes were drilled into the gravels as far as 4 in
(13 ft). The gravel units encountered at the bottom of the boreholes consist of angular basalt
gravel weakly cemented with calcium carbonate and lesser amounts of silica. The gravel size
distribution was not determined because the drilling technique used did not allow representative
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sampling. Observations of recovered fractured gravels indicated the gravels consist primarily of
pebbles with some cobbles. Carbonate concentrations were also estimated to be the strongest in
the upper 0.3 to 0.6 m(1 to 2 ft) of the gravel unit. These gravels are characteristic of the
geologic strata referred to as the Plio-Pleistocene Unit found elsewhere on the Hanford Site.

Hanford formation sediments at the site overlay the Plio-Pleistocene unit and range in
thickness from 0.15 m to 12.2 m(0.5 to 40 ft). The Hanford formation sediments consist of a
series of graded beds composed of silt to fine sands referred to as the Touchet Beds. The beds
of fine sands and silts were occasionally interspersed with small amounts of fine gravels.
Clastic dikes also are identified. These dikes consist of sediment layers aligned parallel to the
dike walls and composed of sediments similar to the Hanford formation sediments.

Surficial sediments consisting of eolian silt to sandy silt (loess) overlay the Hanford
formation and range in thickness up to 1 m (3 ft). The interface of the upper Hanford
formation and the surficial deposits was difficult to determine due to bioturbation and because

^ the local loess has been derived from Touchet Bed sediments. Soils in the area investigated are
typical of soHs that develop at this altitude under similar conditions. The upper soil layer
contains an abundant quantity of roots and the next lower soil level consists of sandy silt graded

;x=f downward to carbonate-cemented sandy silt. The ground surface at the McGee Ranch is
covered with pebbles, some cobble gravels and occasional boulders. The gravels generally
occur in low densities, however areas of significantly high density are also present. Gravels are

E; composed of both basalt colluvium and exotic gravels. Exotic gravel deposition is the result of
ice rafting during prehistoric glacial flooding.

2.9.2.2 Volume Estimates for Fine-Grained Sediments. The volume of suitable sediments
identified at Area A of the McGee Ranch was calculated based on the information collected
during borehole sampling and logging. The estimated total volume of fine-grained sediments in
Area A suitable for closure cover construction is 3.47 Mm' (4.55 Myd') (Lindberg 1994).

Estimated volumes of fine-grained sediments for Area B were developed using three
dimensional modeling. Contour structure maps and isopach maps of intervening intervals were
constructed using data collected from borehole sampling. The isopach maps identify an east-
sloping wedge of fine-grained sediments (Touchet Beds and eolian sediments) thickening in the
direction of the slope. The sediments range in thickness from 3 m(10 ft) in the western section
to over 12 m(40 ft) in the east. An isopach map was constructed by subtracting the lower
surface of the Touchet Beds from the upper ground surface at each borehole and then contouring
the difference. This method considers data between boreholes and adjusts for surficial
topographic features between boreholes. The combined volume of suitable Touchet Bed and
eolian sediments estimated using this technique was estimated by Lindberg (1994) at 32.7 Mm'
(42.8 Myd').

2.9.3 Archaeological and Cultural Characteristics

A cultural resources pedestrian survey has identified a number of historic and prehistoric
resources at the McGee Ranch Site (Skelly and Wing 1992). Plans are being developed to
address mitigation of impacts to cultural resources at the McGee Ranch.
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2.9.4 Wildlife Ecology

Reconnaissance surveys have been carried out at the proposed borrow site by qualified
professionals. No resident species of plants or animals of special concern were identified.
However, one or more protected species of birds may use the area during the nesting season, or
may exhibit variable patterns of habitation from year to year (Skelly and Wing 1992).

2.10 CHARACTERISTICS OF BASALT BORROW SITE

The b-o-rrowiite_for_crushed tasalt for the-Hanford-Barr-ier-iscurrendly beir.g evaluated.
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Figure 2-23. General Topography and Geomorphic Features in the West-Central
Portion of the Hanford Site.
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Figure 2-24. A-A' Cross Section at the ERDF Site.
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Table 2-1. Soil Types on the Hanford Site. (Sheet 1 of 2)

Name (symbol) Description

Ritzville Silt Loam-(Ri) Dark-colored silt loam soils midway up the slopes of the
Rattlesnake Hills. Developed under bunch grass from silty
wind-laid deposits mixed with small amounts of volcanic ash.
Characteristically >150 cm deep, but bedrock may occur at
<150 cm but >75 cm.

Rupert (Quincy) Sand One of the most extensive soils on the Hanford Site.
(Rp) Brown-to- grayish-brown coarse sand grading to dark

grayish-brown at about 90 cm. Developed under grass,
sagebrush, and hopsage in coarse sandy alluvial deposits that
were mantled by wind=islowrtsand. Humiiiocky terraces and
dunelike ridges.

Hazel Sand (He) Similar to Rupert sands; however, a laminated grayish-brown
strongly calcareous silt loam subsoil is usually encountered
within 100 cm of the surface. Surface soil is very dark brown
and was formed in wind-blown sands that mantled lake-laid
sediments.

Koehler Sand (Kf) Similar to other sandy soils on the Hanford Site. Developed in
a wind-blown sand mantle. Differs from other sands in that
the sand mantles a lime-silica cemented layer "Hardpan." Very
dark-grayish-hrswn-surfacelaypr iw-somewhat darker than
Rupert. Calcareous subsoil is usually dark grayish-brown at
about 45 cm.

Burbank Loamy Sand Dark-colored, coarse-textured soil underlain by gravel. Surface
(Ba) soil is usually about 40 cm thick but can be 75 cm thick Gravel

content of subsoil ranges from 20% to 80%.

Kiona Silt Loam (Ki) Occupies steep slopes and ridges. Surface soil is very dark
grayish-brown and about 10 cm thick Dark brown subsoil
contains basalt fragments 30 cm and larger in diameter. Many
basalt fragments found in surface layer. Basalt rock outcrops
present. A shallow stony soil normally occurring in association
with Ritzville and Warden soils.

Warden Silt Loam (Wa) Dark grayish-brown soil with a surface layer usually 23 cm
thick Silt loam subsoil becomes strongly calcareous at-about
50 cm and becomes lighter colored. Granitic boulders are
found in many areas. Usually >150 cm deep.

Ephrata Sandy Loam Surface is dark colored and subsoil is dark grayish-brown
(El) medium-textured soil underlain by gravelly material, which

may continue for many feet. Level topography.

Ephrata Stony Loam Similar to Ephrata sandy loam. Differs in that many large
(Eb) hummocky ridges are presently made up of debris released

from melting glaciers. Areas between hummocks contain many
boulders several feet in diameter.
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Table ?rl. Soil Types on the Hanford Site. (Sheet 2 of 2)

°«-

Name (symbol) Description

Scootney Stony Silt Developed along the north slope of Rattlesnake Loam (Sc)
Hills; usually confined to floors of narrow draws or small fan-
shaped areas where draws open onto plains. Severely eroded
with numerous basaltic boulders and fragments exposed. Sur-
face soil is usually dark grayish-brown grading to
grayish-brown in the subsoil.

Pasco Silt Loam (P) Poorly drained very dark grayish-brown soil formed in recent
alluvial material. Subsoil is variable, consisting of stratified
layers. Only small areas found on Hanford Site, located in low
areas adjacent to the Columbia River.

Rsyuat2el Si:t Loam (uu) Deep dark-brown soil formed in recent alluvium derived from
loess and lake sediments. Subsoil grades to dark
grayish-brown in many areas, but color and texture of the
subsoil are variable because of the stratified nature of the
alluvial deposits.

Riverwash (Rv) Wet, periodically flooded areas of sand, gravel, and boulder
deposits that make up overflowed islands in the Columbia
River and adjacent land.

Dune Sand (D) Miscellaneous land type that consists of hills or ridges of
sand-sized particles drifted and piled up by wind and are
either actively shifting or so recently fixed or stabilized that no
soil horizons have developed.

Lickskillet-Silt Loam (ILs) ^ Occupies ridge slopes of Rattlesnake Hills and slopes >765 m
elevation. Similar to Kiona series except surface soils are
darker. Shallow over basalt bedrock, with numerous basalt
fragments throughout the profile of suggests a location within
a broad region between Lake Chelan, Washington, and the
British Columbia border.

a,r„ a •:,.a c__ _. v_
I-SVUrIe. lY1VY^1
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Table 2-2. Common Vascular Plants on the Hanford Site. (Sheet 1 of 4)

A. Shrub-Steppe Species

Shrubs Scientific Name

Big sagebrush* Artemisia tridentata
Spiny hopsage* Grayia (Atriplex) spinosa
Grey rabbitbrush* Chrysothamnus nauseous
Green rabbitbrush* Chrysothamnus viscidifiorus
Bitterbrush* Purshia tridentata
Snowy buckwheat Eriogonwn niveum
Prickly phlox* Leptodactylon pungens

Perennial Grasses

Bluebunch wheatgrass Agropyron spicatum
Bottlebrush squirreltail* Sitanion hystrix
Sandberg's bluegrass* Poa sandbergii (secunda)
Needle and thread grass* Stipa comata
Indian ricegrass* Oryzopsis hymenoides
Crested wheatgrass Agropyron desertorum (cristatumJ'
Thick-spike wheatgrass* Agropyron dasystachyum
Sand dropseed Sporobolus cryptandrus
Prairie 7unegrass* Koeleria cristata

Perennial Forb

False yarrow* Chaenactis douglasif
Turpentine spring parsley* qmopterfs terebinthinus
Toad flax* Comandra umbellata
Scurf pea Psoralea lanceolata
Pale evening primrose* Oenothera pallida
Cluster lily* Brodiaea douglasii
Yellow bell* Frittillariapudica
Franklin's sandwort* Arenaria franklfnit
Wallflower Erysimum asperum
Long-leaved phlox* Phlox longifolia
Slender hawksbeard* Crepis atrabarba
Carey's balsamroot* Balsamorhiza careyana
Cusick's sunflower Helianthus cusickii
Desert mallow Sphaeralcea munroana
Sand beard tongue* Penstemon acuminatus
Sandy dock* Rumex venosus
Yarrow* I Achillea millefolium
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Table 2-2. Common Vascular Plants on the Hanford Site. (Sheet 2 of 4)

Perennial Forb

Stalked-pod milkvetch*

Gray's desere pars:ey

Threadleaf fleabane*

Buckwheat milkvetch*

Fiat topped broomrape

Threadleaf milkbane
Whiteleaf Scorpionweed*

Hoary aster*
Mariposa lily*

Scientific Name

Astragalus sclerocarpus

.'.on•.a.:um grayi
Erigeron,filifolius
Astragalus caricinus
Orobanche corymbosa
Erigeron filifolius
Phacelia hastata
Machaeranthera canescens

Calochortus macrocarpus

Biennial Forbs

Cutleaf ladysfoot mustard* 77zelypodium laciniatum

Yellow salsify* Tragopogon dubiusa

Annual Forbs

Jun Hill (turtible) mustard* Sisymbrium aitissimuma

Tansy mustard* Descurainia pinnata
Flixweed Descurainia sophia
Pink microsteris* Microsteris gracilis
Matted cryptantha* Ctyptantha circumscissa
Broom buckwheat* Eriogonum vimineum
v^° y'° ^°^-^-aaawn o va.aau Crepis atribarba
Low lupine* Lupinus pusillus
Western walLflBwer --...°---=Erysirnu.,t asperum
Jagged chickweed* Holosteum umbellatuma
Annual Jacob's ladder* Polemonium micranthum
Blazing star* Mentzelia albicaulfs
Threadleaf scorpionweed* Phacelia linearis

, _ y^ .
Russian thisue tctumbleweed}

n_r__r_ r _rvaJrusoLu tau-

?Wdiar. wheat Plantago patagonica
Spring Whitlowgrass* Draba vertuta
Tarweed fiddleneck* Amsinckia lycopsoides
Pepperweed Lepidium perfoliatum
Purple mustard Chorispora tenellaa
Winged cryptantha* Cryptantha pterocarya
Tall willow-herb Epilobium paniculatum
White cupseed* Plectritis macrocera
Bur ragweed* Ambrosia acanthicarpa

--Prickty lettuce -
^

^ Lactuca serriolaa
Tidytips* - Layia glandulosa
Filaree (crane's bill) Erodium cicutariuma
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Table 2-2. Common Vascular Plants on the Hanford Site. (Sheet 3 of 4)

Annual Grasses

Cheatgrass* Bromus tectoruma
Six-weeks fescue* Festuca octoflora
Small fescue Festuca microstachys

B. Riparian Plants

Trees and Shrubs

Black cottonwood Populus trichocarpa
Black locust Robinia pseudo-acacia
Peach, apricot, cherry Prunus spp.
Sand bar willow Salix exigua
Peachleaf willow Salix amygdaloides
Willow Salix spp.
Mulberry Morus albaa
Dogbane Apocynum cannabinum

Perennial Grasses and Forbs

Reed canary grass Phalaris arundinaceab
Cattail 7Typha latifoliab
Bulrushes Scirpus spp.b
Tickseed Coreopsis atkinsoniana
Golden aster Heterotheca villosa
Gumweed Grindelia columbiana
Goldenrod Solidago occidentalis
Prairie sage Artemisia ludoviciana
Pacific sage Artemisia campestris
Horsetails Equisetum spp.
Gaillardia Gaillardia aristata
Lupine Lupinus spp.
Smartweed Polygonum persicaria
Sedge Carex spp.b
Wiregrass Eleocharis spp b
Speedwell Veronica anagallis-aquatica
Wild onion Allium spp.
Russian knapweed Centaurea repensa
Rushes Juncus spp.
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Table 2-2. Common Vascular Plants on the Hanford Site. (Sheet 4 of 4)

x}_?

ti
1"+

Cy"Y

Aquatic Vascular

Water milfoil Myriophyllum spicatum
Waterweed Elodea canadensis
Pondweed Potamogeton spp.
Persistent sepal yellowcress Rorippa columbiae
Watercress Rorippa nasturium-aquaticum
Duckweed Lemna minor

* Plants identified at the ERDF site.
aExotic.
i.
^rerenniai grasses and graminoids.

.. . .^QIIT.ce:--MOdified fr.^.m Cn^hinGn 1002.
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Table 2-3. Partial List and Status of Amphibians and Reptiles Occurring on the Hanford Site.

Common Name Scientific Name State Status

Amphibians
Great Basin spadefoot toad Spea intermontanus M
Woodhouse's toad Bufo woodhousefi
Pacific treefrog Hyla regilla

Reptiles
Sagebrush lizard Sceloporus graciosus
Side-blotched lizard* Uta stansburiana
Short-horned lizard Phrynosoma douglassii
Striped whipsnake Masticophis taeniatus C
Western yellow-bellied racer* Coluber constrictor
Gopher snake* Pituophis catenifer
Desert night snake Hypsiglena torquata desertia M
Western rattlesnake Crotalus vlridis
Painted turtle Chrysemys picta

*Identified at the ERDF site.
M, Monitor group. wildlife species that:

1. were at one time classified as endangered, threatened, or sensitive;
2. require habitat that has limited availability during some portion of its life cycle;
3. are indicators of environmental quality;
4. require further field investigations to determine population status;
5. have unresolved taxonomy which may bear upon their status classification;
6. may be competing with and impacting other species of concern; or
7. have significant popular appeal.

C, state candidate; wildlife species native to the State of Washington that the Department of
Wildlife will review for possible listing as sensitive, threatened or endangered. Candidate
species are desginated in Wildlife Policy 4802.

Source: Modified from Cushing 1992.
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Table 2-4. Partial List and Status of Birds Found on the Hanford Site.
(Sheet 1 of 21

Common Name Scientific Name State
Status

Federal
Status

Aleutian Canada Goose Branta canadensis leucopareia E E
American coot FuliCa americana

American kestrel Falco sparverius
American robin Turdus migratorius
Bald Eagle Haliaeetus leucocephalus T T
Bank swallow* Riparia riparia
Barn swallow* Hirundo rustica
Black-billed magpie Pica pica
Buffiehead Bucephala albeola
California gull Larus californicus
California quail Callipepla californica
Canada goose Branta canadensis mqffltti
Chukar partridge Alectoris chukar
Cliff swallow Hirundo pyrrhonota
Common nighthawk* Chordeiles minor
Common raven* Corvus corax
European starling Sturnus vulgaris
Ferruginous hawk Buteo regalis T C3
Gol'uen eaglc Aquila chrysaetos C
Grasshopper sparrow* Ammodramus savannarum M
Gray (Hungarian) partridge Perdix perdix
Great blue heron Ardea herodias M
Horned lark* Eremophila alpestris
House finch Carpodacus mezicanus
House sparrow Passer domesticus
Killde°r iharadrius vocEferus
Loggerhead shrike* Lanius ludovicianus C C2
Magpie* Pica pica
Mallard Anas platyrhynchos
Mourning dove* Zenaidura macroura
Northern harrier* Circus cyaneus
Northern shoveler Anas clypeata
Peregrine falcon Falco peregrinus E E
Pied-billed grebe Podilymbus podiceps
Red-tailed hawk* Buteo jamaicensis
Red-winged blackbird Agelaius phoeniceus
Ring-billed gull Larus delawarensis
Ring-necked pheasant Phasianus coichicus
Rock dove Columba livia
Rough-legged hawk Buteo lagopus
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Table 2-4. Partial List and Status of Birds Found on the Hanford Site.
(Sheet 2 of 2)

Common Name Scientific Name State
Status

Federal
Status

Sage sparrow* Amphispiza belli C
Sage thrasher (7reoscoptes montanus C I I
Sand'niii crane cirus canadensis - E
Short-eared owl Asio flamrneus
Swainson's hawk* Buteo swainsoni C
Western kingbird 7jTyrannus verticalis
Western meadowlark* Sturnella neglecta
White-crowned sparrow* Zonotrichia leucophrys
White pelican Pelecanus erythrorhynchos E
Ash-throated flycatcher Myiarchus cinerascens M
Black-crowned night heron Nycticorax nycticorax M
Burrowing owl* Athene cunicularia C
Caspian tern Sterna caspia M
Common loon Cavia immer C
Forster's tern Sterna forsteri M
Horned grebe Podiceps auritus M
Long-billed curlew* Numenius americanus M C2
Northern goshawk Accipiter gentilis C
Osprey Pandion haliaetus M
Prairie falcon Falco mexicanus M
Sage grouse Centrocercus urophasianus C C2
Snowy owl Nyctea scandiaca M
Western grebe Aechmophorus occidentalis M

Bird identified at the ERDF site.

aAbbreviations:

E, endangered; a species in danger of extinction throughout all or a significant portion of its range;
T, thratened; a species which is likely to become endangered within the foreseeable futurn;
S, sensitive; taxe vulnenble or declining, and could become endangered or threatened without active management or
removal of threats; -
M, Monitor group. wildlife species that:

1. were at one time classified as endangered, threatened, or sensitive;
2. require habitat that has limited availability during some portion of its life cycle;
3. :0 4dicato.: of envLTiwmeriui quality;

4. require further field investigations to determine population status;
5. have unresolved taxonomy which may bear upon their status clessification:
6. may be competing with and impacting other species of concern; or
^
.. n:." "sigru,icird'pGpuiirippui. -

C, atate eandidate; wildlife species native to the State of Washington that the Department

of Wildlife will review for possible listing as sensitive, threatened or endangered.
Candidate species are deeginated in Wildfife tblicy 4902.
C2, Federal candidate; more information is being sought.

- C3, Fedenl candidate; species that was once considered for listing under the Endangered
Species Act which is no longer being consideced.
Source: Compiled from Cushing 1992, Downs at a1. 1993, Landeen et al. 1992 and DOW 1993.
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Table 2-5. List of Mammals Occurring on the Hanford Site. (Sheet I of 2)

Conaon Naaie Scientinc Name State Federal

Merriam's shrew Sorex merriami C
Vagrant shrew Sorex vagrans
Townsend's big-eared bat Plecotus townsendii C C2
Little brown bat Myotis lucifugus
Silver-haired bat Lasionycteris noctivagans
California brown bat Myotis californicus
Yuma brown bat Myotis yumanensis
Pallid bat Antrozous pallidus M
Hoary bat Lasiurus cinereus
Raccoon Procyon lotor
Mink Mustela vison
Long-tailed weasel Mustela frenata
Short-tailed weasel Mustela erminea
Badger* Taxidea taxis
Striped skunk Mephitis mephitis
Coyote* Canis latrans
Bobcat Felfs rufus
Least chipmunk Eutamias minimus
Yellow-bellied marmot Marmota flaviventris
Townsend's ground squirrel Spermophilus townsendii
Northern pocket gopher 1Twmomys talpoides
Great Basin pocket mouse* Perognathus parvus
Beaver Castor canadensis
Western harvest mouse Reithrodontomys megalotis
Deer mouse Peromyscus maniculatus
Northern grasshopper mouse Onychomys leucogaster M
Montane meadow mouse Microtus montanus
Bushy-tailed woodrat Neotoma cinerea
Sagebrush vole Lagurus curtatus
Muskrat Ondatra zibethicus
House mouse Mus musculus
Norway rat Rattus norvegicus
Porcupine Erethizon dorsatum
Black-tailed jackrabbit* Lepus californicus
White-tailed jackrabbit Lepus townsendi
Nuttall's cottontail rabbit Sylvilagus nuttallii
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Table 2-5. List of Mammals Occurring on the Hanford Site. (Sheet 2 of 2)

Common Name Scientific Name State Federal

Pygmy rabbit Brachylagus idahoensis E C2
Mule deer* Odocoileus hemionus
White-tailed deer Odocoileus virginianus
Elk Cervus elaphus
Otter Lutra canadensis

*Mamrnls identified at the ERDF site.

a Abbreviations:

E. endangered; a.peciee i.n a, ..g.r of entinction throughout all or a significant portion of its range;

T, threatened; a species which is likely to become endangered within the foreseeable future;

S, sensitive; un vulnerable or declining, and could become endangered or threatened without active management or removal of
threats;

M, Monitor group. wildlife species that:

1. were at one time classified as endangered, threatened, or sensitive;

2. require habitat that has limited availability during some portion of its life cycle;

3. an indicators of environmental quality;

4. require further field investigations to determine population status;

5. have unresolved taxonomy which may beer upon their status classification;

6. may be competing with and impacting other species of concern; or
7. have signifium popular appeal.

C, state candidate; wildlife species native to the State of Washington that the Department of Wildlife will review for possible
listing as sensitive, threatened or endangered. Candidate species are desginated in Wildlife Policy 4802.

C2, Federal candidate; more information is being sought.

Souree: Compiled from Cushing 1992, Downs et al. 1993, and DOW 1993.
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T-ble 2-6. Plant Species of Special Concern Occurring on the Hanford Site.

Common Name Scientific Name Federal State

Columbia millcvetch Astragalus columbianus C T
Persistentsepal yellowcress Rorippa columbiae C E
Hoover's desert parsley Z.omatium tuberosum C T
Northern wormwood Artemisia campestris C E

borealis var. wormskioldii
Dense sedge Carex densa S
Gray cryptantha Cryptantha leucophaea S
Shining flatsedge qperus rivularis S
Piper's daisy --- --Rrigeronpiper:a:.us S
Southern mudwort Limosella acaulis S
False-pimpernel Lindernia anagallidea S
Dwarf evening primrose Oenothera pygmaea S
Tooth-sepal dodder Cuscuta denticulata M
Thompson's sandwort Arenaria franklinii

v. thompsonii M
Robinson's onion Allium robinsonii M
Columbia River mugwort Artemisia lindleyana M
Stalked-pod milkvetch* Astragalus sclerocarpus M
Medic milkvetch Astragalus speirocarpus M
Crouching milkvetch Astragalus succumbens M
Rosy balsamroot Balsamorhiza rosea M
Palouse thistle Cirsium brevifolium M
Bristly cyptantha Cryptantha interrupta M
Smooth cliffbrake Pellaea glabella M
Fuzzy-tongue penstemon Penstemon eriantherus M
False yarrow Chaenactis douglassii var.

glandulosa M

The following species may inhabit the Hanford Site, but have not been recently collected, and the known
collections are questionable in terms of location and/or identification.

Palouse milkvetch Astragalus arrectus S
Few-flowered blue-eyed Mary Collinsia sparsi}lora S
Coyote tobacco Ncotiana attenuata S

• Occurs at ERDF site.

aAbbreviations:

E, endangered; a species in danger of extinction throughout all or a significant portion of its range;

T, threatened; a species which is likely to become endangered within the foreseeable future;
5, sensitive; taxa vulnerable or declining, and could become endangered or threatened without active management or removal of

threats;

M, Monitor group. wildlife species that:

1. were at one time classified as endangered, threatened, or sensitive;

2. require habitat that has limited availability during some portion of its life cycle;

3. are indicators of environmental quality;

4. require further field investigations to determine population status;

5. have unresolved taxonomy which may bear upon their status classification;

6. may be competing with and impacting other species of concern; or

7. have significant popular appeal.

C, Federal Candidate Species -

Source: Compiled from Cushing 1992, Downs at at. 1993, DNR 1994, and DOW 1993.
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3.0 WASTE

This chapter describes general characteristics of remediation wastes that may be placed
in the ERDF. Information provided below includes descriptions of waste generating activities
and waste units, physical characteristics of the waste, and chemical characteristics of the waste.
The waste characteristics described in this chapter provide the basis for the risk assessment and
comparative analysis of alternatives performed in later chapters, as well as the starting point for
definition of acceptable waste concentrations and leachate concentrations provided in
Appendix C.

Investigations of source operable units that may result in waste suitable for disposal in
the ERDF are currently on-going. The status of RI/FS reports for 100 and 300 Area operable
units are provided in the table below. Note that a Limited Field Investigation (LFI) is
synonymous to a limited RI.

Source Operable RI and LFI/QRA FS Report

Unit
Phase I/II Phase III

100-BC-1 Complete Complete In Progress

100-BC-2 Complete In Progress

100-DR-1 Complete Complete In Progress

100-DR-2 Complete

100-FR-1 Draft Complete

100-HR-1 Complete Complete In Progress

100-HR-2 Complete

100-KR-1 Draft Complete

300-FF-1 Complete Complete In Progress

The completed reports identified in the above table are listed below:

• Limited Field Investigation Report for the 100-BC-i Operable Unit
(IT Corp 1993a)

• Limited Field Investigation Report for the 100-DR-1 Operable Unit
(DOE-RL 1993k)

• Limited Field Investigation Report for the 100-HR-1 Operable Unit
(IT Corp. 1993b)

• Qualitative Risk Assessment for the 100-BC-1 Source Operable Unit
(WHC 1994b)

3-1
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• Qualitative Risk Assessment for the 100-DR-1 Source Operable Unit
(WHC 1994c)

• Qualitative Risk Assessment for the 100-HR-1 Source Operable Unit
(WHC 1994d)

•__ Qualitative Risk Assessment for the 100-KR-1 Source Operable Unit
(WHC 1994e)

• 100 Area Feasibility Study Phases 1 and 2 (DOE-RL 1992g)

• Phase I Remedial Investigation Report for the 300- FF-1 Operable Unit
(DOE-RL 1993f)

• Phase I and II Feasibility Study Report for the 300-FF-1 Operable Unit
(DOE-RL 19931)

n^_* The RI and LFI reports include information regarding physical characteristics of the
waste, constituent background data, and contaminant concentration data. In addition, they
identify the contaminants of concern and the high priority waste sites. Risk assessment
information is provided in the QRA and RI reports. The FS reports provided information
r ard+ AR^Rs,remedialobjectives; areas and vclumes ef^ffee ed--a•- and ------'----- --------- -- $ e tii1wla, auu SUrccning and
evaluation of technologies and alternatives. In conjunction with the RI/FS investigations,
several treatability tests have been conducted. These include bench, lab, and pilot-scale soil
washing in the 300 Area (DOE-RL 1994b); bench and lab-scale soil washing on 100 Area
contaminated soils (DOE-RL 1994a); in-situ vitrification testing of 100-BC Area soils
=Eido$i-ise=,^n4'. ^ _-,-- --- ' • . . .. _ . .

------_------_----_-= _ :.3^,- anu-ptt^E-SGaie^i^eatablltt3-r£3{irtg on var.ous li^etnods for excavating soils
contaminated with radionuclides (unpublished). Future treatability tests currently scheduled
include: pilot-scale test for the exhumation of a burial ground in the 100-BC Area; and ex-situ
vitrification in 100 Area soils.

Waste characterization is not yet complete and the information summarized below is
considered preliminary. It is anticipated that some of the wastes encountered during remediation
will differ from the characterization provided below. In particular, the maximum chemical
concentrations reported in this document are based on currently available information. It is
possible that higher maximum concentrations will be encountered during future investigations
and during remediation. For this reason, the waste acceptance chemical concentration criteria
are established as high as possible without resulting in unacceptable risk-

iviost of the waste in the ERDF will have chemical concentrations less than the maxima
rennrfnA in this rn .r T'ho--- r........ .,,pc... „the risk estimates provided in Chapters 6 and 9 are
conservative and it is likely that actual exposures will be significantly lower. Maximum
concentrations are used because of the uncertainty regarding actual waste received at the ERDF
and the difficulty in estimating representative "average" exposure concentrations for most of the
waste units. The maximum total quantity of waste from the 100, 200, and 300 Areas is
estimated to be 21.4 million m' (28 million yd'). The percentage breakdown of the types of
waste is presented for each area.
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It is anticipated that the ERDF will receive remediation waste from the 100, 200, and
300 Areas. This chapter includes three subsections, one for each of these aggregate areas. This
division reflects the difference in waste-generating activities at each of the aggregate areas: the
100 Area waste is primarily associated with operation of plutonium production reactors; the
primary waste-generating activities in the 200 Area were fuel reprocessing and plutonium
recovery; and the 300 Area waste is primarily associated with nuclear fuel fabrication and
research laboratories. A final subsection summarizes maximum waste concentrations and
provides screening against background soil concentrations.

3.1 100 AREA WASTE CHARACTERISTICS

Most of the recent investigations of the 100 Area operable units have been conducted as
Limited Field Investigations (LFIs). Consistent with the Hanford Site Past-Practice Strategy
(DOE-RL 1992f), these investigations have been less extensive than traditional RIs. The
objectives of the Harlford Site Past-Practice Strategy are to accelerate decision-making by
maximizing the use of existing data and facilitating implementation of expedited response actions

F.'z (ERAs) and/or interim remedial measures (IRMs) in a timely manner. The information in
^r? Section 3.1.1 and 3.1.2 was derived from 100 Area Feasibility Study Phases 1 and 2

(DOE-RL 1992g) unless otherwise referenced.

Cr,+-

3.1.1 Waste Generating Activities

Between 1943 and 1962, nine water-cooled, graphite-moderated plutonium production

reactors were built along the shore of the Columbia River upstream from the now-abandoned
town of Hanford. Eight of these reactors (B, C, D, DR, F, H, KE, and KW) have been retired
from service and will be decommissioned. The ninth reactor, N, was recently shutdown and
will also be retired. In some of the reactor areas, after the reactor was retired from plutonium
production service, the ancillary facilities were used as laboratories for special studies or for
storage/treatment purposes.

3.1.1.1 Reactor Operations (Excluding N Reactor). The principal components of the original
eight reactors consisted of the reactor, the reactor cooling water loop, the reactor gas and
ventilation system, and the irradiated fuel handling system.

Reactor. Each reactor was graphite moderated and cooled with water pumped through
on a single-pass basis. The reactor moderator stack consisted primarily of graphite blocks,
some of which were cored to allow water flow and equipment placement. Aluminum process
tubes held aluminum-clad, uranium-metal fuel elements and provided channels for cooling
water. Boron was used for control and safety rods. A boron solution was used as a backup
safety system requiring the insertion of aluminum thimbles into the channels to protect the
graphite. The boron solution system was later replaced with a system utilizing nickel-plated
boron balls.

Reactor Cooling Water Loop. Cooling water for the reactor was taken from the
Columbia River, alum with excess sulfuric acid was added to aid in the removal of particulates,
and then passed through flocculators to settling basins where an organic polyelectrolyte was
added as a filter aid. Hydrated calcium oxide, chlorine, and sodium dichromate were also
added to the water to control pH, algae, and corrosion, respectively.
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After passage th-rough the-reactor,the-water-was-sent-to-rp.ention basins where it was
kept for a period of time to allow for thermal cooling and partial decay of short-lived
radionuclides. The water was then released via outfall structures and pipelines to the middle of
the river.

-------IFeactoe Ir: Gas and :'e,-itilation System. Ineri gas, composed of helium with
carbon dioxide or nitrogen, was used to remove moisture and foreign gases, transfer heat, and
detect water leaks within the reactor.

Irradiated Prel Handling. Refueling occurred on a regular basis and the removed
irradiated fuel elements were transferred to the fuel storage basin for radioactive decay.
Following the decay period, the fuel elements were transferred to the 200 Areas for

-
reprocessing.

Decontamination Activities. Decontamination activities took place both in the reactor
buildings and in nearby facilities. Decontamination solutions consisted of various acids and
solvents that were used to remove radionuclides from equipment, tools, reactor hardware, wall

, surfaces, and other items contaminated during reactor operations (DOE-RL 1992h).y
;

3.1.1.2 Laboratory Operations. Laboratory operations at the 100 Area included a tritium
' extracting facility at the 100 B Area, a mechanical development laboratory at the 108-D

building, thermal hydraulic laboratories at the 185-D and 189-D buildings, a pharmacology
laboratory at the 1705-F building, and biological research laboratories at the 100 F Area
(General Electric 1964). These are described below.

The tritium extracting facility was located at the 132-B-1 building in the 100 B Area. It
was originally designed to be a water treatment facility, but in 1948 it was converted to a
laboratory for extracting tritium from lithium-aluminum targets irradiated in the B, C, D, DR,
F, and H reactors. Tnere were two tritium recovery campaigns, one using a stainless steel line
and one a glass line. The major contaminants from tritium recovery were tritium and mercury.
The mercury was generated as a result of using mercury vapor pumps in the process. In 1954,
the process was discontinued and the building used as an aluminum process tube examination
facility (DOE-RL 1992h).

The mechanical development laboratory at the 108-D building contained various reactor
mock-up facilities such as segments of the C- and K-Reactor lattices, flow mock-ups and
simulated elevator and reactor face equipment. The thermal hydraulic laboratories at the 185-D
and 189-D buildings were used for boiler burnout, fog cooling, transient heat transfer, and flow
instability studies. No information was provided on wastes generated from these laboratory
operations (General Electric 1964).

The main biological laboratory (108-F) for studying the effects of radiation on animals
and plants operated from 1945 until 1976. The earliest research activities were fish studies
conducted in the 146-F laboratory and in adjacent ponds. Effluent water was supplied to the
laboratory facilities via the 147-F pump house, and discharged to the PNL outfall via the pump
house. Sheep studies began in the late 1940s. Dose studies with sheep used iodine-131,
strontium-90, plutonium-239, and cesium-137. Studies were also performed on pigs, goats,
milk cows, chickens, and ducks. Animals were housed in buildings 141-F, 141-C, 141-P, and
141-S. The animal monitoring laboratory, which contained a whole body counter, was in
building 145-F. Animal research was also conducted on beagle dogs. Approximately 300 to
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400 dogs were housed in the 144-R dog kennel. Plutonium-239 was the main isotope used in
the dog studies. Laboratory facilities for the experiments were located in the 132-F-2 inhalation
laboratory (DOE-RL 1992i).

In addition to the animal studies, radioecology experiments also took place in the 100-F
Area. Greenhouses in the 1705-F building were used for growing potted plants. In addition,
the "strontium gardens" plots, located in the southwest corner of the site, were used for growing
cereal grains, alfalfa, and other crops in soil containing strontium-90 and cesium-137
(DOE-RL 1992i).

After the F reactor operations ceased in 1965, the animal research operations took over
some of the office buildings and maintenance shopsformedyassociated evith-reactor-operations
(Tipton 1975). Building 1707-F was converted to a dog inhalation laboratory and the 1707-FA
building was converted to a rodent inhalation laboratory. Building 1713-F was used for a
pathology laboratory, and the 1719-F building was converted to an animal care facility. Small
animals were housed in the 1701-FA building. It is not known what radioisotopes or other
chemicals were used in these buildings (DOE-RL 1992i).

3.1.1.3 N Reactor Operations. The following information was derived from RCRA Facility
Ir.vestigatioruCorrective Measures Study Work Plan for the 100-NR-2 Operable Unit, Hanford
Site, Richland, Washington, Draft C(DOE-RL 1994e).

The N reactor was the last reactor to be constructed as a major production reactor at the
Hanford Site. The N reactor is a graphite-moderated, light-water cooled, horizontal-pressure-
tube nuclear reactor. It differs from the other reactors at Hanford in that it was designed as a
dual purpose reactor capable of producing special nuclear materials and steam. The steam
produced from the N reactor core cooling systems was piped to the Hanford Generation Plant
^nGP) and used for production of electrical power.

Confinement System. The N reactor used a confinement system based on the concept
to release the initial burst of steam resulting from a postulated reactor coolant pipe break.
When the confinement pressure subsided, the steam vents were closed and ventilation valves
opened. The ventilated steam was filtered through charcoal and high efficiency filters to
prevent any release of fission products from fuel failure.

Nuclear Fuel System. The fuel used for operation of the N reactor was slightly
enriched uranium-235 (U-235) (0,94% to 1.25%), clad with a zirconium alloy. At shutdown,
concentric tube-in-tube fuel design was in use. In the past, other materials have been used as
target in connection with an enriched uranium driver fuel element to produce useable isotopes
such as tritium (H-3) and plutonium-238 (Pu-238). The fuel cladding is zircaloy-2
metallurgicallybonded-ta the uranium by a co^,.tr,^i,,,v,.t p.,...e^s

--- --- -- - -------- --^.._._ ........u w..wo.

Heat Dissipation System. The secondary steam system for the N reactor removed the
reactor heat from the reactor coolant system by boiling secondary water in the shell side of the
steam generator. During operation solely for the production of special nuclear material the
major fraction of this steam was routed to 16 dump condensers which were arranged in paralle;
and cooled-by-untr2ated-Columisia River water.
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During dual purpose operation, the major fraction of steam generated was routed to the
HGP. A portion of the steam generated_was usedtodrivethe reactorcoolant_ numps, the onsite
turbine generator and to keep the dump condensers warm so they were ready to accept full
steam load in the event of a Hanford Generation Plant turbine generator shutdown.

Water Supply System. Strained untreated water from the Columbia River was supplied
as coolant to the dump condensers as well as the reactor coolant pump drive turbine surface
condensers and the local turbine generator condensers. This condenser cooling water was then
returned to the river. Untreated water was also supplied to the water treatment facility for the
filtered water, sanitary water, and deminerali2ed water systems.

Decontamination. Facilities were provided for chemical decontamination of the entire
reactor coolant system or for any of several major portions of the system, including the
ndivithta hgafexu,a,ger cells. ^e graphite and shield cooling system could also be
chemically decontaminated. Included were equipment for storage and preparation of the

x" *..-ta. necessary chemicals and piping for injection at appropriate points. Chemical wastes from
decontamination, along with rinse waters, were normally routed to the 116-N-2 storage tank,

i..r..Y
---,-- - ♦ .. t_

truck ra il
t_ nnu er shippe,. ^.^y ta^ „u^A or raia car to the 200 Area of the Han ford S ite for disposal

. r;
.

3.1.2 Waste Units

- Retention Basins. The 100 Area retention basins were rectangular concrete or circular
steel structures used to retain reactor effluent for radioactive decay and thermal cooling before
release to the Columbia River. The basins ranged in capacity from 60 to 90 million L (16 to 24
million gal). Initially, effluent to the basins was controlled in a manner that allowed redirection

- - - - r^a^LSuletj fiiel r7rmnt.a to a,r,Fib-. -ThiB-$raMiro ..,.,,a,..c ffr.,,..rl... r..ofeffluQAt-&fllltai4lnklted.bY -- .,.. ..,.., ,,, cause- ---- - - - f
stntctural-damage to-the basins due3e differential pressures and stresses or, the retention basin
walls, and was changed to protect the integrity of the basins. The new procedure precluded
redirection of the more highly contaminated effluent to alternate disposal sites, resulting in all
effluent beingdischarged to the river. Some of the retention basins have been partially
demolished and buried in place. Some have also been used for disposal of contaminated
demolition materials.

Each retention basin contains from 1/2 cm ( 1/4 in.) to 8 cm (3 in.) of sludge covered by
0.6 to 1.2 m(2 to 4 ft) of soil fill. Cobalt-60, europium-152, europium-154, and nickel-63

---- account for approximately 94% of the radionuclide inventory located within the retention basins.
In addition to radionuclide contamination, the basins may be contaminated with chemical
constituents used as additives in the cooling water. A major contaminant is chromium which
was used extensively in the 100 Area reactor cooling water to minimize corrosion.

Pipelines. Effluent pipelines ran from the reactors to the retention basins, from the
retention basins to the outfall structures, and from the outfall structures to the middle of the
river. The 100 Area contained approximately 19,000 m (62,000 ft) of effluent pipeline ranging
in size from 31 to 213 cm ( 12 to 84 in.) in diameter. The pipelines were constructed of carbon
steel, reinforced concrete, or vitreous tile, and included manholes, junction boxes, tie-lines, and
valves. Except for a portion of pipeline in the F Area that was removed and placed in its
retention basin, the on-land pipelines are still in place underground. The river pipelines are still
in place with the exception of approximately 15 m(50 ft) in the F Area that washed
downstream.
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The pipelines contain accumulated sludge. Radionuclide and chemical contamination is
expected to be similar to that found in the retention basins.

Outfall Structure. Outfall structures were compartmentalized, reinforced concrete
boxes used to direct effluent to the middle of the Columbia River. The spillways associated

_-with themwere of concrete or rip-rap construction, and were used only in case of overflow. In
the F Area, the PNL outfall structure was used to direct wash water from animal pens to the
river.

With the exception of the PNL outfall, radionuclide and chemical contaminants
associated with the outfall structures are presumed to be similar to those associated with the
retention basins. Contaminants associated with the PNL outfall include strontium-90 and small
amounts of cesium-137 and plutonium-239.

Cribs. Cribs received effluent during fuel cladding failures, decontamination activities,
and other facilities associated with reactor operations. In general, cribs were buried rock-filled
structures with open bottoms of wood construction.

The pluto cribs received effluent from process tubes following fuel cladding failures.
Fission products and water additives (such as chromium) are potential contaminants.

The dummy/perf decontamination cribs/drains received radioactive liquid waste from
decontamination of dummy fuel element spacers in the F, H, and B reactors. Acids, including
nitric, sulfuric, oxalic, and hydrofluoric, were used extensively in the decontamination process.
Therefore, in addition to radionuclides, nitrate and other acid residues are likely contaminants in
soils beneathshesecrihs.

The 108 building cribs/drains at the 100 BC Area received contaminated liquid effluents
from the 108 laboratory operations. Tritium has been identified as a waste constituent in the
116-B-5 crib.

The 115 building cribs received condensate and liquid waste from the reactor gas
purification systems. Waste passed through a pipe to a 3.2 m(10.5 ft) long perforated pipe and
into the soil column. Tritium and carbon-14 were the principal radionuclides released to these
cribs.

---------- ------- ---- -------The.-1-17-building-cr-ibs rP.,-eived drainage from the confinement system seal pits. These
cribs generally received only short-lived radionuclides and were released from radiological
control prior to 1967.

Special use cribs include the 116-F-5 ball washer crib, the 116-KE-2 crib, and the 116-
DR-7 inkwell crib. The 116-F-5 crib received liquid wastes from decontamination of boron-
steel balls used in the ball 3X system. The principal radionuclides in the 116-F-5 crib are
strontium-90, europium-154, europium155, andcesium-137. The 1-16-KE-2 crib received
liquid wastes from the 1706-KER loop and was found to contain strontium-90 and cobalt-60,
and a maximum concentration of 2.1 pCi/g of plutonium 239/240. The 116-DR-7 crib received
liquid potassium borate solution from the 3X system prior to the ball 3X system upgrade.

French Drains. French drains were generally gravel-filled concrete or vitreous pipe.
In the K Area, sulfuric acid sludge was disposed to the drains from the acid storage tanks. The
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120-KE-1 french drain contains approximately 200 kg of mercury. Drains in the F Area
received liquid waste from botany experiments and decontamination processes, while drains in
the other areas received liquid waste only from decontamination processes.

Trenches. Trenches were generally open excavations with sloped sides, used as backup
for the retention basins when effluent was too contaminated to be released to the river. The 100
Area has five types of trenches that differ in terms of purpose and construction: liquid waste
disposal trenches, the K trench, the 1608 trench, sludge trenches, and the Lewis Canal.

The liquid waste disposal trenches received effluent from retention basins during fuel
cladding failures. Fission products and chromium are likely contaminants.

The K trench regularly received wastes from all contaminated floor drains in the reactor
buildings, overflow from the storage basins, and leakage from the effluent basin. Periodic

-c.
sources of contaminated flow emanated from dummy decontamination, rear face

iry

;,^• decontamination, storage basin during rod exchange, and retention basins during fuel cladding
failures. The trench contained a maximum concentration of 130 pCi/g of plutonium-239/240.

'
Sodium dichromate, sulfamic acid, sulfuric acid, and copper sulfate were also discharged to the

e Y t

trench.

The 1608 trenches in the F and H Areas received effluent during the Ball 3X Project.
(This project involved modification of the emergency reactor control system from a liquid boron
system to a solid boron and carbon ball system). Both trenches have overflowed and
contaminated adjacent soils. The trenches have since been backfilled. Contaminants include
strontium-90, tritium, europium-152, europium-154, cobalt-60, and cesium-137. The maximum
plutonium concentration is less than I pCi/g.

The sludge trenches in the B Area received sludge removed from the B Area retention
basin.

The Lewis Canal in the F Area received miscellaneous waste from the reactor and 190-F
buildings in the F Area as well as decontamination waste from the 189-F building. It also
received effluent during the Ball 3X outage. Occasionally, coolant from the reactor face was
discharged to the trench. All but 450 m(1500 ft) at the inlet has been released from
radiological control. The major radionuclides include europium-152 and -154, cobalt-60, and

-- -- cesium-137. Sodium dichromate and sulfamic acid are known to have been discharged to the
trench.

Solid Waste Disposal Facilities. Solid waste disposal units consisted of burial grounds,
landfills, ash/burn pits, and_storage caves/vaults. _ Investigations by Dnrian and Richards (1978)
found that plutonium-239/240 generally was not detected, that cobalt-60 comprised 90% of the
radionuclide inventory, and other radionuclides included europium-152, -154, -155, cesium-134,
-137, strontium-90, and nickel-63.

A total of 28 radioactive burial grounds have been identified in the 100 Area including
seven major burial grounds associated with reactor operations, two burial grounds used for
biological wastes, and one burial ground used during the tritium separation project at the 100 B
Area.
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Each reactor had an associated burial ground which was used for disposal of high-dose
equipment. The total radionuclide inventory for these burial grounds is estimated to be 4,000
Ci, mostly from cobalt-60 and nickel-63. Metallic wastes include lead, cadmium, lead-cadmium
alloy, boron, mercury, and graphite. The 118-B-1 burial ground also received waste associated
with the tritium separation program, including lithium-aluminum alloy. This waste contained a
tritium inventory of about 3,800 Ci and approximately 900 kg (2,000 lbs) of mercury.

Ball 3X Burial Grounds. The Ball 3X burial grounds were located in the B, D, F, and
H Areas and were used to dispose of highly contaminated waste (containing activation products)
removed from the reactor buildings during the Ball 3X Project. Wastes included thimbles
(aluminum components used to provide a sealed access to the reactor for the control and safety
rods and for a boron solution used as a shutdown device) and step plugs (an aluminum shielding
device used in the reactor tubes). The burial grounds in the B, F, and H Areas consisted of a
single trench; the D Area burial grounds contained two 12 x 6 x 3 m(40 x 20 x 10 ft) trenches.
The F Area burial ground was 50 x 15 x 5 m(175 x 50 x 15 ft) deep, the B Area burial ground
was 15 x 15 x 6 m(50 x 50 x 20 ft) deep, and the H Area burial ground was 46 x 9 x 3 m(150
x 30 x 10 ft) deep.

Tritium Separations Project Burial Ground. Wastes associated with the metal lines
used in the tritium separations project were disposed in this burial ground. An estimated

510 metric tons (560 tons) of waste, including 16 metric tons (18 tons) of lead and 23 metric
tons (25 tons) of aluminum, were disposed. This included 11,000 Ci of tritium.

Biological Burial Grounds. Two burial grounds in the F Area were used for the
disposal of biological wastes. Strontium-90 and plutonium-239/240 are expected contaminants.

Ash Pits. The ash pits received coal ash sluiced with water from the powerhouse. Ash
from selected power plants at the Hanford Site has been characterized as nonradioactive and
nonhazardous. Common sources of coal were used throughout the site so the ash in the pits will
probably be comparable to these analyses. The ash was analyzed using the extraction procedure
(EP) toxicity test in accordance with WAC 173-303-090 and no hazardous/dangerous materials
were found.

Burn Pits. Burn pits in the 100 Area were used to dispose of nonradioactive
combustibles such as paints, solvents, laboratory wastes, and office wastes. Evidence of
burning exists at the sites and several of the pits are also believed to have been used to dispose
of rubble from demolition projects and debris and soil from retention basin repairs. Other
materials which may have been disposed in the burn pits include scrap metal, glass, and
asbestos. Sizes of the burn pits range from 890 to 21,000 m= (9,600 to 224,000 ft2).

Storage CavesfVaults. The storage caves/vaults were used for temporary storage of
horizontal control rods for decay prior to disposal. One vault was used for the storage of
miscellaneous reactor hardware and the hardware still remains in the vault. The caves were 12
m(40 ft) by 8 m (25 ft) concrete tunnels covered with mounds of dirt. The vault in the F Area
was a 5 x 2.4 x 2.4 in (16 x°o x 8 ir) concrete box with a wooden cover. No information is
available on specific inventories of radionuclides.

Demolition Sites and Landfills. Demolition sites and landfills in the 100 Area received
very low-level construction and demolition wastes. Little or no radiological contamination is
expected in these sites.

3-9



DOE/RL-93-99, Rev. 0

Unplanned Releases. Unplanned releases occurred in the 100-F, 100-K, and 100-N
Area. The 100-F Area release occurred on March 13, 1971 when the main sewer line between
the 141-C and 141-M buildings became plugged. The spill consisted of wash water from the
clean out of animal pens and contained strontium-90 and plutonium-239. The area was
stabilized with clean gravel.

The_unplanned releaseinthelC-Areaoccurred in April 1979 when the 105-KE pickup
chute area of the fuel storage basin leaked approximately 1,700 L/hr (450 gal/hr) of fuel storage
basin effluent and debris for an unknown period of time. Total activity was estimated at
2,530 Ci including 1.3 Ci of plutonium-239/240.

Documented unplanned releases for the N Area include:

• two releases associated with the 1314-N Liquid Waste Loadout Station

• two releases at the 119-N Air Sampling and Monitoring Building

• three feleases-a[ the i66 i: iarix farin

• one release at the 116-N-1 crib and trench

• two releases at the 1322-N and 1322-NA Sample Buildings

• three releases at the 116-N-2 radioactive chemical waste treatment and storage
....:r--.

Ia^uiLy

• one release at the 181-N River Pumphouse (that violated NPDES permit
conditions)

• six releases at the 1304-N Emergency Dump Tank

• three releases associated with the 118-N-1 Spacer Storage Silos and associated
piping

• two releases associated with the N reactor fuel storage basin and its drainage
system

^---ttlree significant-release.ca_t he lAB-Nfacility-assoeiated with ur.loading and
transfer operations (various small spills have occurred over the years; these are
the larger ones)

• four significant releases at the 120-N-5 Acid/Caustic Transfer Trench and
Neutralization Unit

• two releases associated with the regeneration waste transport system

• three releases associated with the 184-N day tank Area

•- five releases from the 166-N - 184-N Pipelines
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one unplanned release near the 100-N Sewer System.

The RCRA Facility Investigation/Corrective Measures Study Work Plan for the 100-
NR-1 Operable Unit (DOE-RL 1994f) should be referred to for more detailed information on
unplanned releases at the 100-N Area.

Undocumented releases of hydrocarbon products and chemicals may have resulted in
contamination of the soils in the 100 Area.

3.1.3 Physical Characteristics and Components of 100 Area Waste

Limited characterization of soils has taken place at the 100 Area. Physical properties
samples were taken during limited field investigations at 100-BC-1, 100-DR-1, and 100-KR-1.

Satnples-were-analyze<i- ior-ttte fellowing parameters using Aierican Society for Testing and
Materials (ASTM) methods (where applicable):

• particle size distribution

• specific gravity

• moisture content

• moisture retention

• saturated hydraulic conductivity (K„)

• porosity.

Samples were taken from 116-DR-1, 116-B-1, and 116-KE-4. The following
information on physical properties was taken from Limited Field Investigation Reponfor the
100-DR-1 Operable Unit (DOE-RL 1993k), Limited Field Investigation Reportfor the 100-BC-I
Operable Unit (IT Corp. 1993a), and Limited Field Investigation Report for the 100-KR-1
Operable Unit (DOE-RL 1994d). Three split tube samples were collected from vadose borehole
116-DR-1. The samples were dry, slightly gravelly sand, composed of about 5-10% pebbles and
90-95% sand. Two split tube samples were collected from vadose borehole 116-B-1. These
were dry, dense, sandy gravel composed of about 50% sand and 50% gravel. Four split spoon
samples were collected from vadose borehole 116-KE-4A, at approximately 5 ft intervals.
These samples were described in the field as silty sandy gravel with 30% to 45% gravel, 45%
to 50% sand, and 10% to 25% silt (fines). Laboratory analysis on particle size showed 49% to
73 % gravel, 22%-to 42 % sand, and 5% to 9% fines.

The specific gravity was determined for both the coarse and fine fraction of the samples.
For the 116-DR-1 borehole samples, the average sG was 2.78. The average sG for the 116-B-1
samples was 2.61. Specific gravity was not reported for the 116-KE-4 samples.

The moisture contents for the 116-DR-1 borehole samples were 4.05%, 3.15%, and
4.01 %. For the 116-B-1 borehole, the moisture content of the 22 ft and 27 ft samples were
0.7% and 1.66%, respectively. The moisture contents for the 116-KE-4 borehole samples were
2.46%, 3.86% and 4.49%. These values are consistent with the 116-DR-1 borehole values.
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The hydraulic conductivity ranged from 1.4x10-3 to 4.9x10-' cm/s for the 116-DR-1

borehole samples. For the 116-B-1 borehole, the hydraulic conductivity ranged from 8.Ox10°
to 1.6x10''. Hydraulic conductivity analysis had not been completed at the publication time of
the Limited Field Investigation Report for the 100-KR-1 Operable Unit.

The porosity ranged from 35.27o to 43.2% for the 116-DR-1 borehole samples. For the
=-- 116-13 - 1 ^^r^noie, the porosity ranged from i69% to 25.4%. The porosity ranged from 23.4%

to 27.1 °6 for the 116-KE-1 borehole samples.

100 Area waste includes soil, solid wastes, sediments, and sludges. Solid waste
encompasses hard waste, soft waste, demolition waste, and pipes. Soft waste includes collapsed
cardboard boxes, paper, rags, clothing, plastic, and miscellaneous trash. Hard waste includes
aluminum tubes and spacers, failed steel and stainless steel equipment, timbers, and metal
drums. Demolition waste includes concrete with and without rebar, steel plate, and timbers.
Pipes range from 1.3 to 61 cm (1/2 to 24 in.) in diameter. The estimated percentages of the
different types of waste are presented below:

Estimated Distribution of Waste in the 100 Area.

Medium Percent of Volume

Low Activity Soil 70%

Hinh Activitv Soil
_ --o-

Activity

Riverhanlr Cniimentc all l.^.w-activity

Low Activity Solid Waste
(except pipe >24 inches, diameter)

17%

High Activity Solid Waste
(except pipe)

1.2%

Low Activitv Pipe
(diameter >24 inches)

5.0%

I Aigh Artivjtjr Pjpe - -- --i - - ti.^1 M I

This breakdown was derived based on the following assumptions:

• All radioactive or radioactive mixed waste removed from contaminated
solid media is considered low-level waste. However, in the 100 Area

------- - -- ::arjordpaSt °ra^^ec2 Siie Cieanup and Restoration Conceptual Study
(WHC 1991b), radioactive waste from the 100 Area is divided into two
categories: low activity and high activity wastes. Low activity waste
contains less than 100 nCi/g total transuranium radionuclides and emits
beta/gamma radiation at any point resulting in a dose rate less than
200 tnrem,n;r. High activity waste emits beta/gamma radiation at any
point resulting in a dose rate greater than 200 mrem/hr, regardless of the
activity level of the transuranium radionuclides.
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Riverbank sediments include all vadose zone soils between the low and
high water elevations of the Columbia River inland to the location where
the difference between the high water and low water elevations is
minimal. This varies from approximately 15 m (48 ft) to 55 m (180 ft)
from the river. The riverbank sediments thus represent vadose soils

near the river which have been contaminated as a result of fluctuation in

the levels of contaminated groundwater which is caused by river stage
fluctuations.

The percentages of types of waste are based on the volume estimates from 100 Area
Hanford Past Practice Site Cleanup and Restoration Conceptual Study (WHC 1991b) and 100
Area Feasibility Study Phases I and 2 (DOE-RL 1992g).

3.1.4 Chemical Characteristics of 100 Area Waste

The following data sources were used for the 100 Area chemical waste characteristics
evaluation:

• Qualitative Risk Assessmentfor the 100-BG1 Source Operable Unit
(WHC 1994b)

• Qualitative Risk Assessment for the 100-DR-1 Source Operable Unit
(WHC 1994c)

• Qualitafiwe Risk Assessment for the 100-HR-1 Source Operable Unit
(WHC 1994d)

• Qualitative Risk Assessmentfor the 100-KR-1 (WHC 1994e)

• Source Inventory Development Engineering Study for the Environmental
Restoration Disposal Facility (U.S. Army Corps of Engineers 1993b).

QRA Data. Analytical data in the Qualitative Risk Assessments (QRAs) were derived
from the Limited Field Investigations (LFI) for operable units 100-BC-1, 100-DR-1, 100-HR-1,
100-KR-1 (IT Corp. 1993a, DOE-RL 1993k, IT Corp. 1993b, DOE-RL 1994d) and historical
information (Dorian and Richards 1978).

The sampling and analysis conducted for these LFIs were limited in nature, with
generally one shallow borehole for each of the high priority waste units. In addition, data from
one waste unit were considered representative for analogous waste units at other operable units
(for example, all septic tanks were assumed to be analogous to sites 1607-H2 and 1607-H4,
pluto cribs or other sites receiving similar liquid waste were considered to be analogous to sites
116-B-3 and 116-D-2A, etc.) and therefore no additional sampling was conducted at these
analogous waste units. The analogous site approach is consistent with the Hanford Past Practice
Strategy (DOE-RL 1992F). The analogous sites list is presented in Appendix H of the Source
Inventory Development Engineering Study for the Environmental Restoration Disposal Facility
(U.S. Army Corps of Engineers 1993b). LFIs did not address chemical characteristics of the
burial grounds. In general, limited information is available regarding constituents in the burial
grounds.
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In the QRAs, the concentration used for risk assessment was the maximum of the LFI
and-histcrical data for sampies located in the upper 4.6 m(15 ft) of soil. For the purposes of
this evaluation, maximum concentrations were selected from LFI and historical data regardless
of sample depth.

Source Inventory Data. Data for the 100-NR-1-operable unit and data for the septic
tank waste units were taken from the Source Inventory Development Engineering Study for the
Environmental Restoration Disposal Facility M.S.-A:nty-Corps of Engineer 1>^93b) since these
data were not available in the QRAs.

Data Compilation. Tables 3-1, 3-2, and 3-3 contain the 100 Area summaries of the
maximum concentrations for radionuclides, organic compounds, and chemistry data,

respectively. Summary tables also reference the waste site where the maximum concentration
was encountered.

3.2 200 AREA WASTE CHARACTERISTICS

The information in this section was derived from unpublished documents.

3.2.1 Waste Generating Activities

Historically, the 200 Areas were used for fuel reprocessing, plutonium recovery, and
waste management and disposal. Because of significant human health and environmental risks
associated with the excavation of the majority of contaminated sites in the 200 Areas, in-situ
remediation methods will probably be used for most sites. For the purposes of this document, it

is assumed- only the sttes with ower e:.vtrotmtent rssks will be excavated and placed in the
ERDF, as discussed below.

3.2.2 Waste Units

There are two primary groupings of waste units: 1) low-activity sites where radioactive
contamination produces radiation dose rates below 200 mrem/hr and 2) high-activity sites where

. • .r.,'ti_ -^c..^. "'.c..:-: .
an ose rates are snove 200 ^.^..--- ------ - ....^ ==.e„-a,;^.,..^y sttes mclude a diversity of highly

contaminated materials in a variety of underground structures, including cribs, burial grounds,
and trenches. For the purpose of this document, it is assumed that higher activity sites will
likely be stabilized in place and capped with a protective barrier. The low-activity sites at the
200 Areasresulted-fro_m var!ous-unplattned-releases-of-radioactive materiais andlor tioni the
wind-blown dispersion of radioactive materials. The contaminated media at low-activity sites is
almostexclusively-soil,with smaller (annroximatel_y 10% of total quantity) quantities of other- -
materials such as pipe. Low-activity sites are generally not contaminated below a depth of 15
cm (6 in)._ For th-e_purpoieofihisdocument, it is-a•.csumed-that-these-sU„.s wil: be excavated
and the resulting waste materials will be treated and placed at the ERDF. These sites are
grouped into migration sites, and pipelines and ancillary structures, as described below.

MiarationSites. There are 24-migration sites located i*t-attd adjacent to the 200-&ast
and 200-West Areas. Many of these migration sites include unplanned release sites which are
identified as surface contamination sites, several of which have been partially remediated by
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removal of contaminated soil and the addition of stabilizing backfill. The majority of these

migration sites were associated with spills and leaks of radioactive and mixed liquid wastes.
The quantities of spills and leaks ranged from a few liters to thousands of liters.

Pipelines. An extensive network of pipelines and ancillary equipment was used to
transfer liquid wastes from the generating source to disposal areas, and from one disposal area
to another. Pipelines (also referred to as transfer lines, process lines, and process sewer lines)

-- steel-- ---- ---------YarjF-IA-maier;a;S of construction (. ii stainless 5[eeto vitrified clay), size (from 5 cm (2 in.)

to 150 cm (60 in.) in diameter), and length (from a few meters to several thousand meters).

Ancillary equipment used includes valve pits, pumps, pumphouses, transfer boxes,
diversion boxes, instrumentation, localized sumps, pits, and storage pads. The materials of
construction, operations and maintenance, and years of service varied.

Pipelines and ancillary equipment are the most frequently referenced source of
unplanned releases. Pipeline failures were associated with unplanned releases as a result of
corrosion, joint expansion or contraction, rupture from construction activities, thermal

expansion and other means of failure. Ancillary equipment was associated with unplanned
releases as a result of failed seals, corrosion, material failure, overflow or overtopping,
plugging and other similar events. Many of the older pipelines most likely have contaminated

"- soils along some portion of their lengths.

3.2.3 Physical Characteristics and Components of 200 Area Waste

-- --- ---- ---------------- A-breakdowtt o€the co;r,p ifierits of 2Vil Area waste that will likely be disposed in the

ERDF is presented below. The percentages are based on relative volume estimates. There is
no infor,-i,atioa avaiiabie on physical characterization of 200 Area soils likely to be disposed in
the ERDF.

Components of 200 Area Waste

Source Percentage

Migration Sites 75%

Pipelines 25%

3.2.4 Chemical Characteristics of 200 Area Waste

No analytical data has been located for the pipeline sites and only radionuclide data was
found for migration sites. These radionuclide data are summarized in Table 3-4. Only
radionuclides with one or more values greater than 1 pCi/g are reported.
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3.3 300 AREA WASTE CHARACTERISTICS

3.3.1 Waste Generating Activities

The information in this section is derived primarily from Phase I Remedial Investigation
Repon for the 300-FF-I Operable Unit (DOE-RL 1993f), Phase I Remedial Investigation Report
for the 300-FF-5 Operable Unit (DOE-RL 1993g), and Source Inventory Development
Engineering Study for the Environmental Restoration Disposal Facility (U.S. Army Corps of
Engineers 1993b).

Activities in the 300 Area have historically been related primarily to the fabrication of
nuc;ear fiiei eiements. In addition, many technical support, service support, and research and
develepme.,t activities related to fuel fabrication_w--ere carr-ied-out.-As fuel fahricatinn activities
have decreased with the shut-down of the Hanford Site production reactors, research and
development activities in the 300 Area have increased. The newer buildings in the area house
primarily laboratory and large test facilities.

3.3.1.1 Fuel Fabrication. Fuel elements were fabricated in the 300 Area by a coextrusion
precess. This process-formed-the-zircotrium-cladding and the uranium/suicon fuel core from
primary material components and bonded the two together in one operation. The fuel elements
were protected with a copper jacket for the extrusion process. Thejacket also prevented
atmospheric contamination of the reactive fuel element, and the copper was easily lubricated for
extrusion. Lubricants were removed using organic solvents such as trichloroethylene. After
extrusion into billets, the copper was removed by dissolution in nitric acid (Stenner et al. 1988).

The uranium core was recessed by chemical milling so that the billets could receive an
end cap. The chemical milling was performed using copper sulfate, nitric acid, and sulfuric
acid. A zirconium end cap was then brazed on with beryllium. The fuel elements were tested
for cap attachment, cap to core bonding, cladding to core bonding, and cladding to cap bonding
before fuel-element- supports a*td-lockang-clips were attached 3'Iext; the -Mbes were autociaved
in steam to detect any perforations in the cladding or end caps. Finally, the elements were
packed for storage and shipment (Stenner et al. 1988).

Prior to the late 1960's, aluminum-clad fuel was manufactured in the 300 Area as well,
and thorium fuel fabrication was initiated in 1969 (Stenner et al. 1988).

Other chemicals routinely used in the fuel fabrication processes included (Douglas
United Nuclear 1967; Stenner et. al. 1988):

chromic acid
chromium trioxide
hydrofluoric acid

oxalic acid

phosphor,'c acid
potassium nitrite
sodium aluminate
sodium bisulfate

sodium carbonate
sodium dichromate
sodium fluorosilicate
sodium gluconate
sodium hydroxide
sodium nitrate
sodium nitrite
sodium pyrophosphate
sodium silicate.
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3.3.1.2 Laboratory Operations. Many of the laboratory buildings in the 300 Area provided
support for fuel fabrication process development. The wastes generated by these facilities are
probably of a nature similar to that of the process wastes.

The research and development activities generated waste radioactive fission products,
most of which were discharged to the radioactive liquid waste sewer system. Some of these
substances, however, occasionally entered the process sewer. Radioactive isotopes known to be
generated inthe 300 Area include (Douglas United Nuclear 1967):

scandium-46 zirconium/niobium isotopes
chromium-51 cesium- 137
cobalt-58 promethium-147
iron-59 thorium-234
cobalt-60 uranium isotopes
zinc-65 plutonium isotopes.

Current research and development activities focus on peaceful uses of plutonium, liquid
metal technology, fast-flux test facilitysupport,gas-cooled reactor development, life science
research, and Tri-Party Agreement support.

3.3.1.3 Miscellaneous Operations. Other operations at the 300 Area include(d) sign shop
operations which discharged photochemicals to the sanitary sewer system, powerhouse
generation which generated flyash when coal was burned, and water treatment.

3.3.2 Waste Units

The information in this section was primarily derived from Source Inventory
Development Engineering Study for the Environmental Restoration Disposal Facility (U.S. Army
Corps of Engineers 1993b) and Phase I Remedial Investigation Report for the 300-FF-1
Operable Unit (DOE-RL 1993f).

Process Sewer System. The process sewer system receives or has received process
water from fuel fabrication operations, cooling water, steam condensate, water treatment
processes, and a wide variety of waste liquids from laboratory drains throughout the 300 Area.
Due to the number of laboratories in the area, and the diverse nature of the research and
development activities over the years, a wide range of chemicals may have been discharged to
the system. Numerous chemical spills are known to have entered the process sewer system
through the many floor drains in 300 Area buildings.

300 Area Radioactive Liquid Waste Sewer. This sewer has been in use since 1954.
It receives radioactive wastes from various 300 Area research and development laboratories.
Wastes consist primarily of water with small quantities of various chemicals from the
laboratories, decontamination solutions, and acids and bases. Waste is accumulated in stainless
steel tanks at the 340 Complex. The waste is stored for less than 90 days and is then
transported to the 200 West Area for storage and disposal.

vices; Pouu's and Trenches. The south process pond received liquid wastes from the
process sewer, including cooling water, low-level liquid wastes, and organic wastes. This pond
antair,^d large amounts of copper and uranium, but most of these contaminants were removed
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when the bottom of the unit was periodically dredged. The north process pond received liquid
waste from the process sewer. Liquid wastes were also trucked to the pond from fuel
fabrication-operations:--The-notth-proeess-pond-scraping uisposai area was used to dispose of
dredged soils from the north process pond as well as flyash (Stenner et al. 1988).

The process trenches constitute the active liquid process waste disposal facility for the
300 Area. They receive condensates, janitorial solutions from cleaning floors, water treatment
wastes (mainly salt), laboratory wastes, ethylene glycol, process water from fuel fabrication,
and other aquen„c solutions. No dangerous wastes have been intentionally discharged to the
unit since November 1985. An unplanned release of ethylene glycol occurred in 1994.
Sediments in these trenches were removed from contact with infiltrating process water during a
1991 expedited response action (ERA).

The retired 307 disposal trenches were used from 1953 to 1963. These received wastes
from the Hot Semiworks Laboratory area and sludge from 316-1 pond. Wastes went through
the 307 retention basin before being released to this unit. The 307 retention basin consisted of
four 190,000 L (50,000 gal) basins.

Sanitary Sewer System. Sewage from the 300 Area is routed through vitreous tile
pipes to septic tanks. Overflow from the septic tanks drains into the sanitary trenches. In
addition to sanitary wastes from the 300 Area, the sanitary sewer system received an estimated
4 L/wk (1 gal/wk) of miscellaneous photochemicals from sign shop operations. Current sign
and paint shop contributions consist of trace, nonhazardous concentrations of carry-over fixers,
deveiopers, inks, thinners, solvents, and rinsewaters from the spray booth fume scrubbing
system (DOE-RL 1989). The 315, 335, and 336 retired sanitary drain fields received sanitary
waste from-office-buildings.

Ash Pits. Coal flyash generated from the convertible fuel power house for the 300
Area is suspentled in a water slurry and transported to the two ash pits within 300-FF-1
operable unit. Once the flyash dries, it is currently hauled for disposal to a pit west of the 300
Area (DOE-RL 1989). In the past, these ashes have been deposited in areas of the north
process pond and were used, in part, to backfill the 307 trenches (Dennison et al. 1989; Schalla
et al. 1988).

Burial Grounds. Little historical information is available on the burial grounds within
the 300-FF-1 operable unit. Burial ground No. 4 is only known to contain miscellaneous
materials whic}rare-contatriitiated with uranium (Stenner et al: 1988). it is not known whether
liquid wastes were disposed here. Burial ground No. 5 was a trash burning pit from 1945
through 1962. Some of the trash was contaminated with uranium (Stenner et al. 1988). The
site was also used as an above-ground storage area for uranium-bearing materials (U.S. Army
Corps of Engineers 1993b).

The solid waste burial grounds in the 300-FF-2 operable unit consisted of trenches
and/or pits for the disposal of waste products primarily from fuel fabrication with some
laboratory waste. Wastes contained plutonium and fission products, uranium-contaminated
equipment, and solid metallic uranium oxides. Burial ground No. 1 was primarily used for
disposal of plutonium and fission products from the 300 Area laboratories. Burial ground No
was primarily used for disposal of solid metallic uranium oxides in the form of metal cuttings
from reactor fuel fabrication facilities in the 300 Area. The solid waste burial ground No. 3
was primarily used for the disposal of uranium waste in the form of contaminated building
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material derived from the 313 buildings. Burial ground No. 6 no longer exists. Solid waste
burial ground No. 7 also contains drummed containers of solvent with moderate amounts of
uranium. This material was segregated and disposed in this site because of the pyrolytic and
explosive hazard of the solvent. Materials buried at this site were derived primarily from the
321 Building. Burial ground No. 8 was used for disposal of uranium-contaminated solid waste
derived from reactor fuels manufacturing. Burial ground No. 9 has been excavated but
previously contained drums of uranium-contaminated solvent. The 300 North Solid Waste
Burial Ground (618-10) and the 300 Wye Burial Ground (618-11) consisted of trenches and
vertical pipe storage units. Low-level wastes were buried in the trenches and high-level wastes
were stored in the pipe units. Burial ground No. 13 (the 303 Area Contaminated Soil Burial
Site) received topsoil containing radioactive contaminants from the 303 Building area (U.S.
Army Corps of Engineers 1993b). The 300 West burial ground contained drums of uranium-
contaminated organic solvent from the 321 Building, but the solvent and other debris were
removed from the site.

Storage Tanks. Storage tanks were used in the 300 Area for storing the following:

• radioactive wastes from the Plutonium Recycle Test Reactor

• methanol for use as a drying agent for the aluminum cleaning process

• neutralized liquid from the nonrecoverable uranium stream and filtrate
from processing of uranium-bearing waste stream from the 313 Building
recovery operations

• uranium-contaminated water and acid solutions from reprocessing
research and development

• waste acids containing nonrecoverable uranium from the fuel fabrication

process

• spent etch acids (nitric and sulfuric acid with uranium in solution)

• materials contaminated with alkali metal wastes.

Tanks were also used for evaporation of radioactive contaminated spent solvents
generated in the fuel fabrication process.

Ion Exchange Vaults. These sites consist of underground vaults with ion exchange
columns inside. The reactor ion exchange pit and vault were used to remove contaminants from
heavy water coolant and shield cooling systems. The rupture loop ion exchange pit was used to
remove contaminants and fission fragments from light water coolant.

Hazardous Material and Waste Storage Areas. Hazardous waste and material storage
areas were, and are presently, used in the 300 Area for staging and storing the following
materials:

waste oils

waste oils contaminated with uranium
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' waste oils contaminated with PCBs

• uranium and beryllium/zirconium metal chips and fines

• byproduct waste materials from the fuel fabrication process

• corrosives and ignitables

• solidified waste heat-treat salts from the Fuel Fabrication Facility

• uranium scrap (to be used in recovery)

• solvents and paint shop solids from paint shop operations

• wastes from the alkali metal treatment facility, including sodium,
-Fithium,-andsodium-potassium alloys.

.a^.7

"' ___ _ -------- 3WA!'^a-W3$te .-.:Sd-Ireaitrieni Sytem. Equipiiient associated with this treatment- -- ----------
system includes the 313 filter press, the 313 waste acid neutralization tank and the 313
centrifuge.

316-4 Crib. This crib was active from 1948 until 1955 or 1956. It received hexone-
bearing uranium wastes and limited amounts of other uranium-bearing wastes from the 321
buildings. Liquid containing a total of 560 kg (1,230 ]b) of uranium was discharged to this site.

3718-F Burn Shed. This facility has been inactive since 1968. Wastes consisted of
sodium, lithium, and sodium-potassium alloys.

Unplanned Releases. Unplanned releases included releases to the process sewer system
(with ultimate disposal in the north process pond, south process pond, or process trenches) a
release to burial ground No. 4, and airborne contamination. Releases to the process sewer
included waste acids, uranium contaminated acid, degreasing solvent and deoxidation chemicals.
The release at burial ground No. 4 constituted the improper disposal of depleted uranium fuel
elements.

3.3.3 Physical Characteristics and Components of 300 Area Waste

The information in this section was derived from Phase I Remedial Investigation Report
for the 300-FF-I Operable Unit (DOE-RL 1993f) and 300 Area Cleanup and Restoration
ConcepiuatStudy (WIiC i99ic) unless otherwise noted.

Limited characterization of soils took place at the 300 Area during the 300-FF-1
Operable Unit Remedial Investigation. Based on dry soil sieve analysis, soils in the 300 Area
can generally be described as "gravel, some sand with trace fines". More specifically, the soil
samples were composed of approximately 1.5% fines, 29% sand and 70% gravel (a small
fraction of which may be classified as cobbles) by percent weight. Sieve analysis was not
conducted for cobbles. The sand portion of the soil may further be classified as medium sand
(67%) (DOE-RL 1994b). The specific gravity (sG) was determined for both the coarse and fine
fraction of the samples. The specific gravity for the fine samples ranged from 2.67 to 2.87,
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with an average of 2.77. The specific gravity for the coarse samples ranged from 2.61 to 2.75,
with an average of 2.70. The average overall specific gravity was 2.74. The dry density
ranged from 1.49 to 2.28 g/cc, with an average of 1.94 g/cc. The moisture content varied from
1.4 to 35.036, withanaverage of-8.1 %.- The porosity ranged from 19.-2 tc-44.81-, wi-u`i an
average of 29.1 %.

300 Area waste includes soil and solid wastes. Sites have been grouped into four
categories based on similarities of cleanup requirements: (1) unplanned releases, (2) process
sewer piping, (3) process ponds and trenches, and (4) burial grounds.

The components of 300 Area waste are summarized below:

Components of 300 Area Waste

Source Percentage

Unplanned Releases 7%

Process Sewer Piping Units 17%

Process Ponds and Trenches 40%

Burial Grounds 36%

3.3.4 Chemical Characteristics of 300 Area Waste

Analytical data from the field investigations for operable unit 300-FF-1 (DOE-RL
1990a) were used for the 300 Area chemical waste characteristics evaluation. The maximum
concentration in the 300-FF1 operable unit for each detected constituent was identified. Tables
3-5, 3-6, and 3-7 contain the 300 Area summaries of the maximum concentrations for
radionuclides, organic compounds and chemistry data, respectively. Summary tables also
provide the reference information for the waste site where the maximum concentration was
encountered.

3.4 MAXIMUM ERDF WASTE CONCENTRATIONS AND BACKGROUND
SCREENING

Table 3-8 presents the maximum soil concentration in 100, 200, and 300 Area waste for
radionuclides. Tables 3-9, and 3-10 present the maximum soil concentrations in 100 and 300
Area wastes for organic compounds and inorganic constituents, respectively. These
concentrations are considered representative of the maximum concentration in wastes to be
received at the ERDF. The tables also list the waste units where the maximum concentrations
occurred. Maximum soil concentrations for organic compounds and inorganic constituents for
200 Area wastes are not included on Tables 3-9 and 3-10 because 200 Area wastes have not
been sufficiently characterized.

Table 3-10 also includes Hanford Site background screening for inorganic constituents.
Maximum concentrations of constituents detected in soil were compared to Hanford Site
background values as a first step in identifying contaminants of potential concern. Background
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concentrations were only available for inorganic constituents. Background levels for organics
and radionuclides are not provided because they are generally not naturally occurring or are
below detection limits at the Hanford Site. (Note that uranium and some other radionuclides are
present at detectable levels in background soils and groundwater). Hanford Site background
concentrations were obtained from Table 6-9.b in Hanford Site Background: Part 1, Soil
Backgroundfor Nonradioactive Anatytes (DOE-RL_1993i), The 95195 upper-tclera.n.ce limit
(UTL) results were used (noted as the "95% upper confidence limit (UCL)" in Table 6-9.b).
The 95/95 UTL is the 95% UCL on the 95th percentile. These values are based on lognormal
distributions (the title of the table is incorrect; the values are not based on Weibull
distributions).

If the ERDF maximum waste concentration exceeded the Hanford soil background
concentration, the concentration was considered to be representative of actual contamination and
the constituent was retained for further evaluation. Maximum waste concentrations for chloride,
nitrate and phosphate were less than background concentrations. Therefore, chloride, nitrate
and phosphatewereelimmated.fromfurtherevaluatcon.---The utrte pius ;.itraw concentration
was compared to the 95/95 UTL for nitrate and this parameter was also eliminated. All other

e=n constituents were retained for further evaluation.

r^5n
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Table 3-1. Maximum Concentrations for Radionuclides in 100 Area Wastes. (Sheet 1 of 2)

Radionuclide Maximum
Concentration

(pCi/g)

Waste Unit

Americium-241 34 116-C-5 Retention Basin

Barium-140 400 116-D-1A Storage Basin Trench No. 1

Beryllium-7 90 116-D-1A Storage Basin Trench No. 1

Carbon-14 640 116-C-5 Retention Basin

Cerium-141 3 116-D-1A Storage Basin Trench No. 1

Cerium-144 0.5 116-D-1A Storage Basin Trench No. I

Cesium-134 56 116-B-11

Cesium-137 110,000 Process effluent pipeline (BC1)

Cobalt-58 14.1 116-DR-1 Liquid Waste Disposal Trench No. 1

Cobalt-60 11,000 (HR1) Process effluent pipeline (sludge)

Europium-152 29,000 116-B-11

Europium-154 9,200 116-D-7

Europium-155 9,600 ProE= gflluent_pipeline (BCl )

Gross Alpha 78 116-K-2 Miscellaneous Trench

Gross Beta 3,700 116-C-5 Retention Basin

Iron-59 1 116-D-1A Storage Basin Trench No. I

Manganese-54 0.07 116-D-1A Storage Basin Trench No. 1

Nickel-63 62,000 Process effluent pipeline (BC1)

Plutonium-238 140 Process effluent pipeline (BC1)

Plutonium-239/240 2,800 Process effluent pipeline (BCl)

Potassium-40 33 116-H-7 Retention Basin

Radium-226 42.8 116-D-1A Storage Basin Trench No. 11

Ruthenium-103 1 116-D-1A Storage Basin Trench No. 1

Ruthenium-106 0.8 116-D-1A Storage Basin Trench No. 1

Sodium-22 9.9 116-DR-1 Liquid Waste Disposal Trench No. 1

Strontium-90 2,000 Process effluent pipeline (BCI)

Technetium-99 1.1 116-DR-2 Liquid Waste Disposal Trench No. 2

Thorium-228 8.6 H-2 Septic Tank

Tftorium-232 1.4 116-KW-3B Retention Basin

Thorium-234 1 116-D-1A Storage Basin Trench No. 1
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Table 3-1. Maximum Concentrations for Radionuclides in 100 Area Wastes. (Sheet 2 of 2)

Radionuclide Maximum
Concentration

(pCi/g)

Waste Unit

Tritium 29,000 116-B-5

Uranium-233/234 17 116-KW-3B Retention Basin

Uranium-235 1.7 116-KW-3B Retention Basin

Uranium-238 17 116-KW-3B Retention Basin

Zinc-65 0.3 116-D-IA Storage Basin Trench No. I

Zirconium-95 0.56 116-H-7 Retention Basin
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Table 3-2. Maximum Concentrations for Organic Compounds in 100 Area Wastes.
(Sheet 1 of 3)

Compound Maximum
Concentration

(µg/kg)

Waste Unit

VOLATILE ORGANIC COMPOUNDS

1, 1, 1 -Trichloroethane 6 100-D-Pond

1,1,2,2-Tetrachloroethane 3 100-D-Pond

2-Butanone 390 100-D-Pond

2-Hexanone 9 100-D-Pond

4-Methyl-2-Pentanone 11 116-B-2 Storage Basin Trench

Acetone 2,800 UN-100-N-17 Diesel Oil Supply
Line Leak

Benzene 190 UN-100-N-17 Diesel Oil Supply
Line Leak

Carbon Disulfide 200 116-B-5 Crib

Carbon Tetrachloride 8 116N1

Chloroform 4 130-D-1 Gasoline Storage Tank

Ethylbenzene 330 UN-100-N-17 Diesel Oil Supply
Line Leak

Methylene Chloride 110 100-D-Pond

Tetrachloroethene 4 116-K-2 Effluent Trench

Toluene 77 116-B-5 Crib

Trichloroethene 6 116-DR-9C Process Effluent
Retention Basin

XV^P.11P_S rTltal.)____
__^----- ^-.. / _1_lifp_f 13V-D-1 Ga4olinc Storage Tank

SEMIVOLATII.E ORGANIC COMPOUNDS

1,3-Dichlorobenzene 48 116-DR-1 Liquid Waste Disposal
Trench No. 1

1,4-Dichlorobenzene 51 116-N-2 Chemical Waste Storage
Tank

2-*".e.^,..,...,..^..^ °y...aY,, ,.aene 13,000 UN-100-N-17

4-Chloro-3-Methylphenol 38 116-DR-1 Liquid Waste Disposal
Trench No. I

Acenaphthene 210 116-H-1 Liquid Waste Disposal
Trench

Anthracene 6,300 UN-100-N-17
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Table 3-2. Maximum Concentrations for Organic Compounds in 100 Area Wastes.
(Sheet 2 of 3)

Compound Maximum Waste Unit
Concentration

Gsg/kg)

Benzo(a)anthracene 1,800

I

1607-H-4 Septic Tank Discharge
Pipe

Re_nznralpyrene 940- ---- - 1f07-H-"rSeptic Tanlc Discharge^
Pipe

Benzo(b)fluoranthene 2,400 1607-H-4 Septic Tank Discharge
Pipe

Benzo(g,h,i)perylene 460 1607-H-4 Septic Tank Discharge
- - - ripe

Benzo(k)fluoranthene 760 116-H-1 Liquid Waste Disposal
Trench

Bis(2^ hylheRyl)p hala« 5,500 130-D-1 Gasoline Storage Tank

Butylbenzylphthalate-- - - 2,600 130-D-1 Gasoline Storage Tank

Carbazole - -54_ _116-D-IB Fuel Stnrage Basin
Trench No. 2

Chrysene 920 116-H-1 Liquid Waste Disposal
Trench

Di-n-butylphthalate 1,100 120-D-1

Dibenzofuran 130 116-H-1 Liquid Waste Disposal
Trench

Diethylphthalate 1,000 100-D-Pond

Fluoranthene 2,900 1607-H4 Septic Tank Discharge
Pipe

Fluorene 1,700 UN-100-N-17

Indeno(1,2,3-cd)pyrene 520 116-H-1 Liquid Waste Disposal
Trench

Naph^halene 4,100 UN-l00-N-17

N=Nitrosodiphenyiamine 110 1 16-B-2 Storage Basin Trench

Pentachlorophenol 920 116-C-5 Retention Basin

Phenanthrene 2,500 UN-100-N-17

Phenol 240 100-D-Pond

I

Pyrene 2,700 1607-H4 Septic Tank Discharge
Pipe
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Table 3-2. Maximum Concentrations for Organic Compounds in 100 Area Wastes.
(Sheet 3 of 3)

Compound Maximum
Concentration

(;g/kg)

Waste Unit

PESTICIDES/AROCLORS

4,4'-DDD 110 1607-H4 Septic Tank Discharge
Pipe

4,4'-DDE 170 100-D-Pond

Aroclor-1254 6,400 190-B

Aroclor-1260 2,300 100-D-Pond

Beta-HCH (Beta-BHC) 7.8 116-D-1A Fuel Storage Basin
Trench No. 1

Chlordane, Gamma- 18 1607-H4 Septic Tank Discharge
Pipe

Dieldrin 21 116-D-1A Fuel Storage Basin
Trench No. 1

Methoxychlor 83 100-D-Pond
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Table 3-3. Maximum Concentrations for Inorganic and General Chemistry Constituents
in 100 Area Wastes. (Sheet I of 2)

Constituent Maximum
Concentration

(mg/kg)

Waste Unit

INORGANIC CONSTITUENTS

Aluminum 78,400 100-D Pond - Liquid Waste Disposal

Antimony 18.6 H-2 Septic Tank

Arsenic 62.2 100-D Pond - Liquid Waste Disposal

Barium 4,260 H-2 Septic Tank

Beryllium 4.7 116-H-9 Crib

Cadmium 28.5 H-2 Septic Tank

Calcium 79,000 116-H-9 Crib

Cobalt 90.4 116-KW-3B Retention Basin

Copper 627 H-2 Septic Tank

Chromium 2,510 H-2 Septic Tank

Iron 184,000 116-H-9 Crib

Lead 564 116-C-5 Retention Basin

Magnesium 50,000 116-H-9 Crib

Manganese 3,050 116-H-9 Crib

Mercury 37 H-2 Septic Tank

Nickel 132 116-H-9 Crib

Potassium 13,000 116-H-9 Crib

Selenium 11.1 100-D Pond - Liquid Waste Disposal

Silver 119 H-2 Septic Tank

Sodium 2,010 116-H-9 Crib

Thallium 5.4 H-2 Septic Tank

Vanadium 389 116-H-9 Crib

Zins 6,160 H-2 Septic Tank

GENERAL CHEMISTRY

Chloride 13.1 116-C-5 Retention Basin

Chromium VI 5.03 116-C-5 Retention Basin

Fluoride 4.4 116-B-3 Pluto Crib

Nitrate 122.3 116-B-5 Crib

Nitrate/Nitrite 37 116-C-5 Retention Basin
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Table 3-3. Maximum Concentrations for Inorganic and General Chemistry Constituents
:rea Wastes. (Sheet 2 of 2)

Constituent Maximum
Concentration

(mg/kg)

Waste Unit

Nitrite 1.2 H-2 Septic Tank

Phosphate 15 116-KW-3B Retention Basin

Sulfate 7,115 H-2 Septic Tank

3T-3b
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Table 3-4. Maximum Radionuclide Concentrations Detected in Soils in 200 Area Waste Units.

w

^

Constituent U Planta Z Ptantb S Planto T Plantd PUREXe B Plantf Semi- Max.
Worksg Concentration

(PCi/g)

Cesium-137 256.0 6.4 24.6 47.5 36.7 157.0 3.7 256.0

Plutonium-239 3.0 - - 1.3 - - - 3.0

Potassium-40 14.5 15.9 14.7 17.1 18.0 15.8 14.8 18.0

Strontium-90 70.0 - 4.7 5.3 16.8 7.6 - 70.0

Notes: Only values greater than 1 pCi/g are cited.

aDOE-RL, 1992c.
bDOE-RL, 1992d.
cDOE-RL, 1992a.
dDOE-RL, 1992b.
eDOE-RL, 1993b.
fDOE-RL, 1993a.
gDOE-RL, 1993c.

d
0
tri

w

^

0
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Table 3-5. Maximum Concentrations for Radionuclides in 300 Area Wastes.

-W i

-^=z

Radionuclide Maximum
Concentration

(in pCi/B)

Waste Unit

Cerium-141 0.28 316-1 South (old) Pond

Cesium-134 0.45 Drums

Cesium-137 50 Drums

Chromium-51 3.5 618-5 Burial Ground No. 5

Cobalt-60 81 316-1 South (old) Pond

Gross Alpha 4,450 316-5 3904 Process Waste Trenches

Gross Beta 12,200 316-5 3904 Process Waste Trenches

Pntassi^m-d!1 19.5 307 T-1 trench

Radium-226 2.1 316-2 North (new) Pond

Strontium-90 18 316-5 3904 Process Waste Trenches

Thorium-228 17 316-5 3904 Process Waste Trenches

Thorium-232 3.5 316-2 North (new) Pond

Total Uranium 20,000 316-5 3904 Process Waste Trenches

Uranium-234 2,100 618-4 Burial Ground No. 4

Uranium-235 640 316-5 3904 Process Waste Trenches

Uranium-238 9,100 316-5 3904 Process Waste Trenches

Zinc-65 0.32 316-2 North (new) Pond

3T-5
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Table 3-6. Maximum Concentrations for Organic Compounds in 300 Area Wastes.
(Sheet 1 of 2)

Compound Maximum
Concentration

(in µg/kg)

Waste Unit

VOLATILE ORGANIC COMPOUNDS

1,2-Dichloroethene (Total) 1,000 316-5W 3904 Process Waste Trenches

Aceione 700 3 i-6-2 North (new) Pond

Carbon Disulfide 100 316-5W 3904 Process Waste Trenches

Chloroform 80 316-5W 3904 Process Waste Trenches

Methylene Chloride 4,500 316-2 North (new) Pond

Tetrachloroethene 1,100 316-5W 3904 Process Waste Trenches

Toluene 150 316-2 North (new) Pond

Trichloroethene 390 618-4 Burial Ground No. 4

Vinyl Chloride 24 316-5W 3904 Process Waste Trenches

SEMIVOLATILE ORGANIC COMPOUNDS

2-Methylnaphthalene 8,700 316-5E 3904 Process Waste Trenches

4-Chloroaniline 6,300 C-Sanitary Trench

4-Methylphenol 1,000 C-Sanitary Trench

Acenaphthene 850 316-5W 3904 Process Waste Trenches

Anthracene 1,200 316-5W 3904 Process Waste Trenches

Benzo(a)anthracene 1,400 316-5E 3904 Process Waste Trenches

Benzo(a)pyrene 27,000 316-5E 3904 Process Waste Trenches

Benzo(b)fluoranthene 1,700 316-5E 3904 Process Waste Trenches

Benzo(g,h,i)perylene 3,700 316-5E 3904 Process Waste Trenches

Benzo(k)fluoranthene 180 316-5W 3904 Process Waste Trenches

Benzoic Acid 1,300 316-5E 3904 Process Waste Trenches

Bis(2-ethylhexyl)phthalate 33,000 C-Sanitary Trench

Butylbenzylphthalate 230 C-Sanitary Trench

Chrysene 43,000 316-5E 3904 Process Waste Trenches

Di-n-butylphthalate 5,500 316-5E 3904 Process Waste Trenches

Dibenz(a,h)anthracene 1,700 316-5E 3904 Process Waste Trenches
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Table 3-6. Maximum Concentrations for Organic Compounds in 300 Area Wastes.
r,....... ..Chant _̂ of 91,

Compound Maximum
Concentration

(in µg/kg)

Waste Unit

Dibenzofuran 500 316-5W 3904 Process Waste Trenches

Dietlsylphthalate--- _ - ^ 810 316-5E 3904 Process Waste Trenches

Fluoranthene 2,800 316-5W 3904 Process Waste Trenches

Fluorene 850 316-5W 3904 Process Waste Trenches

Indeno(1,2,3-cd)pyrene 1,600 316-5E 3904 Process Waste Trenches

Naphthalene 190 316-5W

N-Nitrosodiphenylamine 1,800 316-5E 3904 Process Waste Trenches

Pentachlorophenol 1,500 316-5E 3904 Process Waste Trenches

Phenanrhrene- - - -- --- -- --- -- -3,900-- 316--5W 3904 Proeess `.'.'aste Trer.ches

Pyrene 12,000 316-5E 3904 Process Waste Trenches

PF.STICIDES/AROCLORS -

4,4'-DDE 81 C-Sanitary Trench

PCBs 19,500 Process Trenches

Aroclor-1248 10,000 316-2 North--Process Pond -

3T-6b
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Table 3-7. Maximum Concentrations for Inorganic and General Chemistry
Constituents in 300 Area Wastes. (Sheet 1 of 2)

Constituent Maximum
Concentration

(mg/kg)

Waste Unit

INORGANIC CONSTITUENTS

Aluminum 58,600 618-4 Burial Ground No. 4

Antimony 15.4 316-1 South (old) Pond

Arsenic 23.3 316-1 South (old) Pond

Barium 3,130 618-5 Burial Ground No. 5

Beryllium 3.3 316-2 North (new) Pond

Cadmium 23 300 Area Sanitary Sewer system

Calcium 95,300 316-1 South (old) Pond

Cobalt 18 316-2 North (new) Pond

Copper 95,300 316-1 South (old) Pond

Chromium 960 618-4 Burial Ground No. 4

Iron 2,740 Process trenches (previous sampling)

Lead 747 618-4 Burial Ground No. 4

Magnesium 25,500 316-1 South (old) Pond

Manganese 2,480 316-5 3904 Process Waste Trenches

Mercury 9.3 316-1 South (old) Pond

Nickel 1,750 316-1 South (old) Pond

Potassium 4,860 307 T

Selenium 7.7 300 Area Sanitary Sewer system

Silver 362 316-1 South (old) Pond

°°aL°-ovWwii 2,610 618-4 Burial Ground No. 4

Strontium 31 Process trenches (previous samples)

Thallium 0.8 300 Area Sanitary Sewer system

Vanadium 239 316-1 South (old) Pond

Zinc 3,830 300 Area Sanitary Sewer system

GENERAL CHEMISTRY

Ammonia 138 Drums

Chloride 194 316-5 3904 Process Waste Trenches

Fluoride 40 316-2 North (new) Pond

Nitrate 125 316-2 North (new) Pond
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Table 3-7. Maximum Concentrations for Inorganic and General Chemistry
Constituents in 300 Area Wastes. (Sheet 2 of 2)

Constituent Maximum
Concentration

(mg/kg)

Waste Unit

Nitrite 2.9 300 Area Sanitary Sewer system

Phosphate 14 300 Area Sanitary Sewer system

Sulfate 2,636 618-5 Burial Ground No. 5

Total Organic
Carbon

43.7 Process trenches

:otal Organic
Halogen

7.2 Process trenches

Coliform (MPN) 110 Process trenches

3T-7b
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Table 3-8. Maximum Concentrations for Radionuclides in 100, 200, and 300 Area Wastes.
(Sheet 1 of 2)

Radionuclide Maximum
Concentration

(in pCi/g)

Waste Unit

Americium-241 34 116-C-5 Retention Basin

Barium-140 400 116-D-IA Storage Basin Trench No. I

Beryllium-7 90 116-D-IA Storage Basin Trench No. 1

Carbon-14 640 116-C-5 Retention Basin

Cerium-141 3 116-D-1A Storage Basin Trench No. 1

Cerium-144 0.5 116-D-1A Storage Basin Trench No. 1

Cesium-134 56 116-B-11

Cesium-137 110,000 Process effluent pipeline (BCl)

Chromium-51 3.5 618-5 Burial Ground No. 5

Cobalt-58 14 116-DR-1 Liquid Waste Disposal Trench No. 1

Cobalt-60 11,000 (HR1) Process effluent pipeline (sludge)

Europium-152 29,000 116-B-11

Europium-154 9,200 116-D-7

Europium-155 9,600 Process effluent pipeline (BCI)

Gross Alpha 4,450 316-5 3904 Process Waste Trenches

Gross Beta 12,210 316-5 3904 Process Waste Trenches

Iron-59 1 116-D-1A Storage Basin Trench No. 1

Manganese-54 0.07 116-D-IA Storage Basin Trench No. 1

Nickel-63 62,000 Process effluent pipeline (BCl)

Plutonium-238 140 Process effluent pipeline (BC1)

Plutonium-239/240 2,800 Process effluent pipeline (BC1)

Potassium-40 33 116-H-7 Retention Basin

Radium-226 42.8 116-D-IA Storage Basin Trench No. 1

Ruthenium-103 1 116-D-1A Storage Basin Trench No. 1

Ruthenium-106 0.8 116-D-1A Storage Basin Trench No. 1

Sodium-22 9.9 116-DR-1 Liquid Waste Disposal Trench No. 1

Strontium-90 2,000 Process effluent pipeline (BCl)

Technetium-99 1.1 116-DR-2 Liquid Waste Disposal Trench No. 2

Thorium-228 17 316-5 3904 Process Waste Trenches

Thorium-232 3.5 316-2 North (new) Pond
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Table 3-8. Maximum Concentrations for Radionuclides in 100, 200, and 300 Area Wastes.
(Sheet 2 of 2)

Radionuclide Maximum
Concentration

(in pCi/g)

Waste Unit

Thorium-234 1 116-D-IA Storage Basin Trench No. 1

Tritium 29,000 116-B-5

Uranium-233/234 2,100 618-4 Burial Ground No. 4

Uranium-235 640 316-5 3904 Process Waste Trenches

Uranium-238 9,100 316-5 3904 Process Waste Trenches

Zinc-65 0.3 116-D-IA Storage Basin Trench No. 1

Zirconium-95 0.56 116-H-7 Retention Basin

Total Uranium 20,000 316-5 3904 Process Waste Trenches
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Table 3-9. Maximum Concentrations for Organic Compounds in 100 and 300 Area Wastes.
(Sheet 1 of 3)

Compound Maximum
Concentration

(Rg/kg)

Waste Unit

VOLATILE ORGANIC COMPOUNDS

1,2-Dichloroethene (Total) 1,000 316-5W 3904 Process Waste
Trenches

1,1,1-Trichloroethane 6 100-D-Pond

1,1,2,2-Tetrachloroethane 3 100-D-Pond

2-Butanone 390 100-D-Pond

2-Hexanone 9 100-D-Pond

4-Methyl-2-Pentanone 11 116-B-2 Storage Basin Trench

Acetone 2,800 UN-100-N-17 Diesel Oil Supply
Line Leak

Benzene 190 UN-100-N-17 Diesel Oil Supply
Line Leak

Carbon Disulfide 200 116-B-5 Crib

Carbon Tetrachloride 8 116N1

Chloroform 80 316-5W 3904 Process Waste
Trenches

Fthvlhonvnna, ^-• ^••^ 330 UN-100-N-17 Diesel Oil SuPP1Y
Line Leak

Methylene Chloride 4,500 316-2 North (new) Pond

Te'uachiuroe'u`,ene 1,100 316-5W 3904 Process Waste
Trenches

Toluene 150 316-2 North (new) Pond

Trichloroethene 390 618-4 Burial Ground No. 4

Vinyl Chloride 24 316-5W 3904 Process Waste
Trenches

Xylenes (Total) 1,100 130-D-1 Gasoline Storage Tank

SEMI-VOLATIQ,E ORGANIC COMPOUNDS

4-Chloroaniline 6,300 C-sanitary trench (300 Area)

1,3-Dichlorobenzene 48 116-DR-1 Liquid Waste Disposal

Trench No. 1

1,4-Dichlorobenzene 51 116-N-2 Chemical Waste Storage
Tank

2-Methylnaphthalene 13,000 UN-100-N-17

3T-9a
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Table 3-9. Maximum Concentrations for Organic Compounds in 100 and 300 Area Wastes.
(Sheet 2 of 3)

Compound Maximum Waste Unit
Concentration

(ug/kg)
4-Chloro-3-Methylphenol 38 116-DR-1 Liquid Waste Disposal

Trench No. 1

4-Methylphenol 1,000 C-sanitary trench (300 Area)

Acenaphthene 850 316-5W Process Waste Trenches

Anthracene 6,300 UN-100-N-17

Benzo(a)anthracene 1,800 1607-H-4 Septic Tank Discharge
Pipe

Benzo(a)pyrene 27,000 316-5E 3904 Process Waste
Trenches

Benzo(b)fluoranthene 2,400 1607-H-4 Septic tank Discharge
Pipe

Benzo(g,h,i)perylene 3,700 316-5E 3904 Process Waste
Trenches

Benzo(k)fluoranthene 760 116-H-1 Liquid Waste Disposal
Trench

Benzoic Acid 1,300 316-5E 3904 Process Waste
Trenches

Bis(2-ethylhexyl)phthalate 33,000 C-Sanitary Trench (300 Area)

Butylbenzylphthalate 2,600 130-D-1 Gasoline Storage Tank

Carbazoie 54 Z 16-D-TB Fuel Storage Basin,
Trench No. 2

Chrysene 43,000 316-5E 3904 Process Waste
Trenches

Di-n-butylphthalate 5,500 316-5E 3904 Process Waste
Trenches

Dibenz(a,h)anthracene 1,700 316-5E 3904 Process Waste
Trenches

Dibenzofuran 500 316-5W 3904 Process Waste
Trenches

Diethylphthalate 1,000 100-D-Pond

Fluoranthene 2,900 1607-H4 Septic Tank Discharge
Pipe

Fluorene 1,700 UN-100-N-17
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Table 3-9. Maximum Concentrations for Organic Compounds in 100 and 300 Area Wastes.
(Sheet 3 of 3)

Comoound_ Maximum
Concentration

(µglkg)

Waste Unit.

Indeno(1,2,3-cd)pyrene 1,600 316-5E 3904 Process Waste
Trenches

Naphthalene 4,100 UN-100-N-17

N-Nitrosodiphenylamine 1,800 316-5E 3904 Process Waste
Trenches

Pentachlorophenol 1,500 316-5E 3904 Process Waste
Trenches

Phenanthrene 3,900 316-5W 3904 Process Waste
Trenches

Phenol 240 100-D-Pond

Pyrene 12,000 316-5E 3904 Process Waste
Trenches

PESTICIDES/AROCLORS

4,4'-DDD 110 1607-H4 Septic Tank Discharge
Pipe

4,4'-DDE 170 100-D-Pond

Aroclor-1248 10,000 316-2 North Process Pond

Aroclor-1254 6,400 190-B

Aroclor-1260 2,300 100-D Pond

Beta-HCH (Beta-BHC) 7.8 116-D-1A Fuel Storage Basin,
Trench No. 1

Chlordane, Gamma- 18 1607-H4 Septic Tank Discharge
Pipe

Dieldrin 21 116-D-1A Fuel Storage Basin,
Trench No. 1

Methoxychlor 83 100-D-Pond

PCBs 19,500 Process trenches (300 Area)

3T-9c
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Table 3-10. Maximum Concentrations and Background Screening for Inorganic
and General Chemistry Constituents in 100 and 300 Area Wastes. (Sheet 1 of 2)

Constituent Maximum
Concentration

(mg/kg)

Waste Unit Background
(95/95 UTL)a

(mg/kg)

INORGANIC CONSTITUENTS

Aluminum 78,400 100-B Pond 15,600

Antimony 18.6 H-2 Septic Tank NC

Arsenic 62.2 100-D Pond 8.92

Barium 4,260 H-2 Septic Tank 171

Beryllium 4.7 116-H-9 Crib 1.77

Cadmium 28.5 H-2 Septic Tank NC

Calcium 95,300 316-1 South (old) Pond 23,920

Chromium 2,510 H-2 Septic Tank 27.9

Cobalt 90 116-KW-3B Retention Basin 19.6

Copper 95,300 316-1 South (old) Pond 28.2

Iron 184,000 116-H-9 Crib 39,160

Lead 747 618-4 Burial Ground No. 4 14.75

Magnesium 50,000 116-H-9 Crib 8,760

Manganese 3,050 116-H-9 Crib 612

Mercury 37 H-2 Septic Tank 1.25

Nickel 1,750 316-1 South (old) Pond 25.3

Potassium 13,000 116-H-9 Crib 3,120

Selenium 11 100-B Pond NC

Silver 362 316-1 South (old) Pond 2.7

Sodium 2,610 618-4 Burial Ground No. 4 1,290

Strontium 31 Process trenches (previous
sampling)

NC

Thallium 5.4 H-2 Septic Tank NC

Vanadium 389 116-H-9 Crib 111

Zinc 6,160 H-2 Septic Tank 79
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Table 3-10. Maximum Concentrations and Background Screening for Inorganic
and General Chemistry Constituents in 100 and 300 Area Wastes. (Sheet 2 of 2)

Constituent Maximum Waste Unit Background
Concentration (95/95 UTL)a

(mg/kg) (mg/kg)

GENERAL CHEMISTRY

Ammonia 138 Drums 28.2

Chloride 194 316-5 3904 Process Waste 763
Trenches

^iucrice 4U 316=2 North (new) Pond 12

Nitrate 125 316-2 North (new) Pond 199

Nitrite 2.9 300 Area Sanitary Sewer system NC

Phosphate 15 116-KW-3B Retention Basin 16

Sulfate 7,115 H-2 Septic Tank 1,320

Total Organic 7.2 Process trenches (previous NC
Halogen sampling)

Total Organic Carbon 43.7 Process trenches (previous NC
sampling)

Coliform (iviPii) 110 Process trenches (previous NC
sampling)

Nitrate/Nitrite 37 116-C-5 Retention Basin 199b

nt,,.o^ • -

NC - not calculated
a95/95 UTL is the 95% UCL on the 95th percentile; Source: Table 6-9b in Hanford Site

^ Background Part 1, Soil Background for Nonradioactive Analytes
(DOE-RL 1993i).
bThe background concentration for nitrate is used.
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4.0 CONTAMINANT FATE AND TRANSPORT

The purpose of this chapter is to identify potential groundwater contaminants at the
ERDF. A fate and transport model was used to predict groundwater concentrations at the
ERDF boundary, based on soil concentrations of constituents presented in Chapter 3. Predicted
groundwater concentrations are compared to Hanford Site background groundwater
concentrations to identify contaminants that exceed background. Predicted groundwater
concentrations are also compared to risk-based de minimis concentrations, as described in
Section 4.3. If a predicted groundwater concentration is less than the de minimis concentration,
it is excluded from the list of groundwater contaminants. The final list of groundwater
contaminants developed in this chapter is carried into Chapter 5 to develop the list of
contaminants of potential concern.

4.1 MODEL DEVELOPMENT

The fate and transport model was used to identify groundwater contaminants, perform
contaminant screening and evaluate alternative ERDF designs. This chapter focuses on the base
conditions scenario (no engineered barrier and no liner) used for identification of groundwater
contaminants and for the contaminant screening performed in Chapter 5. The base conditions
scenario is a worst case analysis that does not correspond to any of the alternatives considered
in Chapter 9. The alternatives considered in Chapter 9 all include engineered barriers that are
expected to perform better than the assumed performance in the base conditions scenario.

A

y.i.i ionceptuai iviodei

In general, the mechanisms controlling contaminant fate and transport in the vadose
zone are highly coupled, unsteady, and non-linear. Furthermore, the hydrogeologic strata are
heterogeneous and anisotropic. Although multi-dimensional numerical models can provide a
more accurate representation of these non-linear dynamic processes and complex
hydrogeological conditions, they are still limited by uncertainties in many of the controlling
factors, such as source term concentrations, soil-water partitioning, and infiltration rate. Since
the purpose of this modeling is a screening analysis to identify potential groundwater
contaminants at the ERDF and evaluate alternative ERDF designs, a multidimensional numerical
model was not considered warranted for this study. Instead, a spreadsheet model was developed
based on the conceptual model of the site described below.

The conceptual model assumes the following:

the media are homogeneous and isotropic

the flow is plug flow (i.e., no longitudinal dispersion) in both the vadose
zone and the saturated zone

constituent release from ERDF is controlled by either solubility or
partitioning between the waste and pore water.

4-1
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As recharge from the ground surface percolates through the waste it dissolves
contaminants to form leachate. The contaminant concentration in the leachate is controlled by
soil-water partitioning unless the leachate concentration is predicted to exceed the constituent
solubility, in which case the concentration is solubility limited.

Leachate from the facility migrates through the vadose zone to the groundwater table.
The rate of migration is controlled by the rate of infiltration, the moisture content, and
retardation. Constituent concentrations may be reduced due to radioactive decay, volatilization,
biodegradation, and dilution.

- °^-- '` ^onth A'1 .rwnen-me ieachate reaches_thesaturatesi zone,-it-is c,._.,..nhcn_m...,....; ..:.;.,ed in groundwater.
Finally, the leachate migrates towards the ERDF boundary in the direction of groundwater flow.
Further retardation and decay can occur in the saturated zone.

The mathematical expressions for the conceptual model described above and the
spreadsheet model developed based on the conceptual model are presented in Appendix A.

4.1.2 Model Parameters

Parameters for the fate and transport spreadsheet model were developed to represent the
hydrogeological conditions of the ERDF site, the physical and chemical properties of the waste
form, and the fate and transport properties of each contaminant constituent. The parameter
estimation relied first on ERDF-specific information and then on Hanford Site background
information when available. Non-Hanford Site information was utilized as a last resort.

^^-4,12.1. -Oeneral Pa "."_,„, c'.._errkpara«rere.,^,. .---rs 'iucluae- ..etnmenstorWof t. d:...,Y.,^^-,.^...:i^.s_.__--m
trench, the natural infiltration rate, and the physical and hydrogeological properties of both
vadose zone and saturated zone soils. These parameters are summarized in Table 4-1.

ERDF and Trench Dimensions. Cross-sections of the trench dimensions assumed in
the base conditions scenario are shown in Figure 4-1. The trench width is 420 m(1,300 ft) at
the ground surface and 300 m(1,000 ft) at the base of the trench. The trench depth is assumed
to equal 20 m(70 ft). The trench will be approximately 3,000 m(9,000 ft) long to
accommodate the entire design waste capacity (U.S. Army Corps of Engineers, 1994).

Natural Infiltration Rate. To estimate the natural infiltration rate at the ERDF site,
information from a variety of lysimeter and modeling studies was evaluated. The longest
running lysimeter study was conducted using a pair of lysimeters (one open-bottom, the other
ciosed-bottoai) instailed in the 200 East Area in 1971. Moisture content data from these
lysimeters indicate a relatively constant moisture content of 6 percent below a depth of 5 m(17
ft). An analysis of the unsaturated hydraulic conductivity of the lysimeter soils (which were
primarily sands) in the late 1970's suggested an infiltration rate of approximately 0.5 cm/yr (0.2
in./yr) (Jones 1978). Coring of the closed-bottom lysimeter in 1985 revealed little change in
moisture content below a depth of 3 m(10 ft) and no accumulation of moisture in the bottom of
the lysimeter, suggesting that the 0.5 cm/yr (0.2 in./yr) interpretation was too high. Routson et
al. (19$$)-c_oncluded hat_the,inft?uation-rateatt<tis-1?€a+-ion was negligfb'a^less than 0.2
cmreaaz}.- Deep-rooted tumbleweeds and other vegetation are believed to have been present on
the 200 Area lysimeter for much of the study period. Computer modeling (using UNSAT-H) of
the closed-bottom lysimeter indicated that the rate of infiltration was primarily controlled by the
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surface vegetation; infiltration was much higher when transpiration due to vegetation was
eliminated from the model. The barrier surface over the ERDF will be vegetated.

Lysimeters have been installed at a variety of other facilities (such as the Buried Waste
Test Facility). As summarized in Gee et al. (1992) infiltration rates for these lysimeters range
from 0 (for silty loam soils) to 20 cm/yr (8.0 in./yr) (for gravelly soils with no vegetation) and
illustrate a strong dependence on soil type and vegetation type. With the exception of one
-iysimeter which had an infiltration rate of 1.0 cm/yr (0.4 in./yr), no infiltration occurred in
lysimeters with deep-rooted vegetation (Gee et al. 1992). The HELP modeling results presented
in Appendix B for the non-engineered soil cover indicate an infiltration rate of 0.035 cm/yr
(0.014 in./yr). Based on both empirical and modeling results, a natural infiltration rate of 0.5
cm/yr (0.2 in./yr) was used for the model. This infiltration rate is a reasonably conservative
(high) value for vegetated soils. The base conditions scenario modeled in this chapter assumes
the infiltration rate through the non-engineered barrier equals the natural infiltration rate of 0.5
cm/yr.

Vadose Zone Parameters. The range of moisture content in 200 Area soils of the
Hanford formation is 2% to slightly over 6% (Last et al. 1989). Data from the 200-East Area
lysimeters indicate soil moisture values less than 3% to a depth of 18.3 m (60 ft) (Gee 1987).
The vadose zone moisture content selected for modeling purposes was 4.5 percent.

A geologic cross section of the northern edge of the proposed ERDF site is shown in
Figure 2-24. The ground elevation across the proposed ERDF site ranges from approximately
200 m (660 ft) to 230 m (760 ft). As shown in Figure 2-25, the water table elevation ranges
from approximately 140 m(460 ft) to 120 m (400 ft). The vadose zone thickness ranges from
approximately 70 m (230 ft) to 100 m (330 ft), and is about 80 m(260 ft) thick in the center of
the ERDF site. The value of 80 m (260 ft) is a good average representation of the vadose zone
thickness at this site, and was used in the model.

Vadose zone dilution and travel time are determined in part by the vadose zone mixing
width, the vadose zone mixing depth, and the vadose zone mixing factor. As shown on Figure
4-2, the vadose zone mixing width is the width of infiltration on each side of the trench that
mixes with the leachate in the vadose zone. The vadose zone mixing depth is the depth at
which the leachate mixes with clean vadose zone moisture infiltrating outside the footprint of the
ERDF. The amount of dilution is specified by the vadose zone mixing factor. The vadose zone
mixing depth used in the base-case scenario is based on the geologic cross section provided in
Figure 2-24. The Plio-Pleistocene unit, which has a lower permeability than the rest of the
vadose zone materials and may encourage horizontal migration, is found in the western portion
of the ERDF site at a depth of approximately 50 m (165 ft). Therefore, a depth of 50 m (165
ft) was used in the model. The vadose zone mixing factor was assumed to equal 0, which
corresponds to no dilution in the vadose zone. Although mixing with clean infiltration will
occur on the edge of the facility, little or no mixing would occur beneath the center of the
facility. A mixing factor of 0 reflects a conservative bias. The vadose zone mixing width was
assumed to be 100m (330 ft). The dry density of soil in the vadose zone was assumed to equal
1.6 kg/L.

Saturated Zone Parameters. The saturated hydraulic gradient was estimated based on
the water table elevation shown on Figure 2-33. The gradients at the ERDF range from 0.0045
along the northern boundary of the site to 0.0025 along the southern boundary. The gradient

4-3



DOE/RL-93-99, Rev. 0

used in the model (0.0035) represents the value of the gradient at a location approximately half
of a mile south of the northern boundary of the ERDF.

The saturated hydraulic conductivity of the uppermost aquifer unit was estimated based
on pump test results for wells near the ERDF (discussed in Section 2.6.2.) and more general
information shown on Figure 2-32. The results from the 2 ERDF wells are within the range
indicated on Figure 2-32 for the ERDF (1-100m/d). A value of 30 m/d (100 ft/d) was used in
the modeling.

The saturated zone porosity used in the model was assumed to equal 0.3 (Graham et al.
1981). The dry density was assumed to equal 1.6 kg/L. As shown on Figure 4-2, the saturated
zone mixing depth was assumed to equal 5 m(16 ft). This saturated mixing depth is based on a
reasonable vertical capture thickness for a water supply well.

%;Lk

^-'^ --.,j

4.1.2.2 Constituent-Specific Parameters. Constituent-specific parameters include soil/water
partitioning coefficient (KJ, decay or degradation rate, and solubility. The values of these
parameters used in the modeling are summarized in Tables 4-2 through 4-8 and are briefly
discussed below. There was no data available for carbazole. Since carbazole is a polynuclear
aromatic hydrocarbon ("rAH), all parameters for PAH's were compiled and the most
conservative values selected as model parameters for carbazole.

Partitioning Coefficient (K,). The partitioning coefficient (K,) is defined as the ratio
of adsorbed chemical concentration in the soil matrix to the aqueous solute concentration. Some
literature values for organic constituents are presented in terms of Ka, the organic carbon
partitioning coefficient, or as K,,,., the octanal-water partitioning coefficient. For the purpose of
this report, K. was considered equivalent to K.. In general, K. represents partitioning within
a 100 percent organic carbon matrix. K. can be assumed to relate to K, according to the
following relationship:

Kd=Kaf

where:

K^ = soil adsorption normalized for soil organic matter content
f^ = organic content

(Dragun, 1988)

It should be noted that factors other than f., such as pH, clay content, and salinity, can also
influence Kd, but methods for incorporating these factors are not available. In general, K,'s
calculated using the approach described above should be accurate to within a factor of 2 to 10
(l.yman-eral. 1982). - I:a values-in Table 4-2 assume that fa in soil is 0.1 %.-Tnis value is
based on results presented in DOE/RL ( 1994a) for three soil samples from 100 Area waste sites.
The fw in these samples (reported at total organic carbon) was 0.069b, 0.1 % and 0.16%.

There were two sources for K. data: (1) the Hazardous Substance Data Bank
(HSDB 1993) and (2) Montgomery and Welkom (1990). If information was not available in the
first source, the second source was consulted.

Table 4-2 includes measured K. data and K.'s that were estimated based on octanol-
water partition coefficients (Ko,.,'s) or solubility information. K.'s calculated based on K.'s are
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calculated using empirical equations, and are thus associated with a higher uncertainty than
measured K. values.

The best estimate for K. was selected in the following manner:

• if measured data were available, these were given preference over
estimated values

• if data were available specifically for sand or sandy soils, these were
given preference

• soil data were given preference over sediment suspensions

• if no data were available, the K. was assumed to equal zero

• if specific data points were given for measured K., these were averaged
to calculate the best estimate

• if average values were given for measured K., the best estimate was
calculated from the average of the minimum and maximum data points.

Partitioning coefficients (K,'s) for radionuclides and inorganic constituents are presented
in Tables 4-3 and 4-4, respectively. These values are based on Hanford-specific data in Ames
and Serne (1991) and Serne and Wood (1990) for a solution with neutral pH and low organic
carbon. The best estimate of Kd and the range were given in the references. If more than one
estimate was provided, the values were averaged to obtain a best estimate for the Kd.

Decay (or Degradation) Rate. The degradation half-life for organic constituents is the
time needed for half of the concentration to be degraded or volatilized (Dragun 1988). The
half-life (T12) and its decay or degradation constant (X) are related by the following equation
(Faure 1977):

T12=0.693/X

Organic chemicals can be degraded biologically or chemically. Many literature values
are based on laboratory experiments designed to optimize biodegradation and may not be
representative of natural conditions. Three sources were reviewed for half-life data for organic
compounds: the Hazardous Substance Data Bank (HSDB 1993), Handbook of Environmental
Degradation Rates (Howard et al. 1991), and The Soil Chemistry of Hazardous Materials
(Dragun 1988). Since there is much uncertainty associated with half-lives for organic
compounds, the data was reviewed and a range was selected (< 1, 1 - 10, 10 - 100 years). The
results are shown in Table 4-5. The maximum value in the range was used in the model. For
compounds with no data, the half-life was set at 10,000 years.

The half-life for an unstable nuclide is the time required for one-half of a given number
of atoms to decay. Half-lives for the radionuclides are readily available and are presented in
Table 4-6. Metals were assumed not to degrade or volatilize.
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Solubility. Solubilities for organic compounds are relatively insensitive to changes in
water chemi_stry iexceot-when multiple organic compounds are involved and they begin to
behave-as co=solvents).- Solubilities used in the modeling for organic compounds are included in
Table 4-7. The primary source for solubility data for organic compounds was Montgomery and

-------Welkom (199Q), Ifno information was availahlP from the primary source, the HSDB (1993 and
1994) was consulted. Solubilities were often available for a range of temperatures. The best
estimate for solubility was selected for the temperature closest to 15 degrees Celsius (59 degrees
Farenheit). Reported solubilities for a few organic constituents (e.g., tetrachloroethene) ranged
over an order of magnitude. This variability is likely due to experimental differences. The
average of the reported values was used in the simulations. No quantitative data was available
for_carbazole, however the HSDB (1993) indicated that carbazole is insoluble. A solubility of 1
mg/L was chosen as a conservative estimate. No data was available for gamma-chlordane (an
isomer of chlordane); therefore the data for chlordane was used.

j,,. Solubilities for most inorganic constituents and radionuclides are a function of the
n? controlling solids and are highly dependent upon physio-chemical parameters such as pH, Eh,
77, and the concentrations of other ionic constituents. Consequently, these solubilities are highly

variable and are difficult to predict. Solubilities for inorganic constituents and radionuclides are
presented in Tables 4-8 and 4-6, respectively. These values are based on Hanford-specific data,
for a solution with neutral pH and low organic carbon. Solubilities are listed as LS (low
solubility; < 1 mg/L), MS (moderate solubility; 1- 25 mg/L), and VS (very soluble;
> 1000 mg/L). These ranges are based on data in the references Ames and Serne (1991) and
Serne and Wood (1990).

In the case of elements with multiple isotopes, the isotope-specific solubilities are equal
to the element solubility multiplied by the relative mass abundance of the isotope.
Unfortunately, for isotopes associated with nuclear activation and fission products, the relative
abundances can be highly variable and difficult to determine. On the other hand, relative

--- abundances for some naturally occurring isotopes, including K-40 and the uranium isotopes, can
be predicted. Crustal uranium consists of three isotopes, U-234 (0.0057 percent), U-235 (0.72
percent), and U-238 (99.374 percent) (Faure 1977). Assuming the solubility of total uranium is
25 mg/L, the solubility of U-234 used in the model was:

25 mg/L x 0.000057 = 0.0014 mg/L

An isotope-specific solubility of 0.12 mg/L was calculated for K-40 assuming a relative
abundance of 0.0119 percent (Faure 1977).

4.1.3 Fate and Transport Modeling Results

Modeling results are presented as deterministic values, which rely upon the input
parameters discussed above. The groundwater screening model provides the following results
for each constituent: the initial leachate concentration, the vadose zone travel time, the
saturated zone travel time, the vadose and saturated zone dilution factors, the groundwater
concentration at the water table, and the groundwater concentration at the ERDF boundary.
Theresults far-arganiccompounds,- radionuclides, -metals, -and-anions- are presented in
Tables A-4 through A-7, respectively.
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4.1.4 Sensitivity of Modeling Results to Site Location

The input parameters used in the modeling were based on the proposed location of the
ERDF. Alternative locations may or may not result in significantly different risks and travel
times to the saturated zone. The parameters that might change for other sites include the
following: -

• width and length of the trench
• thickness of the vadose zone
• vadose zone mixing depth
• vadose zone moisture content
• soil density
= saturated zone porosity
• saturated zone hydraulic conductivity
• saturated zone hydraulic gradient.

Parameters that are unlikely to change significantly from site to site include vadose zone
moisture content, soil density, and saturated zone porosity. These parameters are relatively
consistent across the Hanford Site. The remaining parameters are variable across the Hanford
Site and the consequences of these variations are discussed below:

• Travel time through the vadose zone is directly proportional to changes in the
thickness of the vadose zone. For example, travel time through the vadose zone
decreases as thickness of the vadose zone decreases.

• Travel time through the vadose zone is directly proportional to changes in
vadose zone mixing depth. For example, if the vadose zone mixing depth
decreases, the infiltrating leachate mixes with the clean infiltration higher in the
stratigraphic column, resulting in a decreased travel time through the vadose
zone.

• Concentration in the saturated zone is inversely proportional to changes in the
saturated zone hydraulic conductivity. As the saturated zone hydraulic
conductivity increases, the velocity of groundwater in the saturated zone
increases, resulting in greater dilution of the vadose zone infiltration and lower
constituent concentrations.

• Concentration in the saturated zone is inversely proportional to changes in the
saturated zone hydraulic gradient. As the saturated zone hydraulic gradient
increases, the velocity of groundwater in the saturated zone increases, resulting
in greater dilution of the vadose zone infiltration and lower constituent
concentrations.

4.2 - URL1EJl^D^1ttP1'FI?', $ACKGROiJ.*.TD

Groundwater background screening is presented inTable 4-9. It was conducted to
identify the constituents which occur in concentrations that are elevated over naturally-occurring
chemical concentrations. Constituents were evaluated by comparing the predicted groundwater
concentrations with the Hanford Site background groundwater concentrations (DOE-RL 1992e).
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chemical concentrations. Constituents were evaluated by comparing the predicted groundwater
concentrations with the Hanford Site background groundwater concentrations (DOE-RL 1992e).
Background concentrations used in this screening are the one-sided, 95/95 upper tolerance limits
(UTLs) (i.e., the 95 percent upper confidence limit of the 95th percentile for the distribution) of
each parameter. The method for calculation of the baclcground UTLs is presented in EPA
(1989a). Hanford Site background UTLs are only available for the target analyte list (TAL)
metals and inorganic anions. Those constituents with predicted groundwater concentrations less
than background are not considered groundwater contaminants and are eliminated from further
consideration. Calcium, iron, magnesium, non-radioactive strontium, and sulfate were
eliminated from the list of groundwater contaminants based on comparison to background.

4.3 GROUNDWATER DE MINIMIS

Groundwater modeling results indicate that certain contaminants will be found in
groundwater at extremely low concentrations (e.g., less than one part per trillion). To
streamline the risk assessment process, it is helpful to define groundwater concentrations that,
for all practieal purposes; are-indt'stiriguisha`ule frorn zero. For the purpose of this discussion,
these concentrations are called de minimis concentrations. If a modeled groundwater
concentration is less than a de minimis concentration, then the contaminant is considered absent

^. ,., in groundwater. The de minimis concentration for non-radioactive contaminants is 5x10-' mg/L.
This is slightly less than the dieldrin concentration associated with a 1x10-' lifetime incremental
cancer risk, assuming residential scenario parameters (see section 5.4). This de minimis
concentration is based on dieldrialtecause-the-lieldrin ingestionslope-factor.is !he-largest of any
non-radioactive soil contaminant being evaluated in this report ( i.e., dieldrin has the greatest
careinpgenic_ootential; see Table 5-11, The de minimis concentration for radioactive
contaminants is 1x10Z pCi/L. This is slightly less than the plutonium-239/240 concentration
associated with a 1x10_' lifetime_incre-m_entalcancer risk, assuming residential scenario

__para^teters. This de .. r.i.: s concentration is based on plutonium-239/240 because the
plutonium-2391240 ingestion slope factor is the largest of any radioactive soil contaminant being
evaluated in this report (Table 5-1).

Although neptunium-237 is not a constituent of potential concern identified in Chapter 3,
it is a daughter product of americium-241. Americium-241 decays to neptunium-237 with a

_-=1t31f 4ife,of 432 yearc; and--tteptanium-;?37-hz--a-!^alF life of i^4 miiiiori years. ror siiiiuiating
neptunium-237, it was conservatively assumed that the americium-241 decayed to neptunium-
237 instantaneously. The concentration of neptunium-237 can be calculated using the following
equation:

Mw No-237 = (?,No-237/2'Am.241) MW Am-aai

where:

Ivlw"P"' = the concentration of neptunium-237 (pCi/gm)

k"P"' = the decay coefficient of neptunium-237 (3.24x10-' yr')

Mw""'"' = the concentration of americium-241 (pCi/gm)

decay coefficient of americium-241 (1.60x10-3 yr')
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Assuming the americium-241 concentration is 34 pCi/gm, the maximum neptunium-237
concentration would be 6.86x10' pCi/gm. This analysis does not account for the decay or
leaching of neptunium-237. As shown in Table 4-10, neptunium was eliminated because it
reached groundwater after 10,000 years.

Most of the organic compounds and many of the radionuclides are eliminated in the de
minimis screening. All of the metals and anions are retained; this is due to their lack of decay.

4.4 TRAVEL TIME

Based on the Tri-Party Agreement (Ecology et al. 1994), the time of assessment is
10,000 years. The 10,000 year time constraint was used as one criterion to identify
groundwater contaminantc, If the travel time of a constituent to the ERDF boundary exceeds
10,000 years, the constituent is not considered a groundwater contaminant.

4.5 GROUNDWATER CONTAMINANTS

The f nal- list-af groundwowr ccL.ami .ants is presented in Table 4-11. Table 4-11 also
includes travel times for groundwater contaminants to reach the ERDF boundary.
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Table 4-1. General Parameters Used for the ERDF Modeling.

Parameter Most Likely Value

Upper Trench Width 420 m

Lower Trench Width 300 m

Trench Length 3000 m

Trench Depth 20 m

Distance to ERDF Boundary 100 m

Vadose Zone Water Content 0.045

Vadose Zone Thickness 80 m

Vadose Zone Mixing Depth 50 m

Vadose Zone Mixing Width 100 m

Vadose one Mixing Factor 0

Saturated Zone Porosity 0.3

Saturated Zone
Hydraulic Conductivity

30 m/d

Saturated Zone
Bydraulir_. C;radient

0.0035

Saturated Zone Mixing Depth 5 m

Soil Density (Dry) 1.6 kg/L

Natural lnfiltration Rate 0.5 cm/yr
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Table 4-2. Partitioning Coefficients for Organic Compounds. (Sheet I of 7)

tJ

Constituent Measured K. Estimated K. Source Best Comments Ka Used in
(based on K. or of K. Estimate Model

solubility) Data for K. (Ka X 0.001
organic content)

Acenaphthene ND 2065 - 3230 (log Kow= HSDB 2.7E+03 best estimate is average 2.7
3.92) of range

Acetone no appreciable adsorption ND HSDB 0 no data 0

Anthracene 26,000 ND HSDB 1.4E+04 best estimate is average 14
1,600 of range

Aroclor-1248 ND 437,000 M&W 4.4E+05 range based on standard 440
deviation of 50%

Aroclor-1254 110,000 to 1,330,000 42,500 (not clear how HSDB 7.2E+05 best estimate is average 720
(review of experimental derived) of measured data only
data)

Aroclor-1260 61,000 to 7,400,000 IE+06 (not clear how HSDB 2.3E+06 best estimate is average 2,300
(review of experimental derived) [for congener of range and other data;
data) [for congener hexa] hepta] since there are two

congeners

Benzene Woodburn silt loam: 31 98 (Ko,.=2.13) HSDB 8.7E+01 best estimate is average 0.087
31.7-143 of raage
83

Benzo(a)anthracene 5.5 E+05 - 1.87 E+06 ND HSDB 1.2E+06 best estimate is average 1,200
(sediments) of range

Benzo(a)pyrene 3.95E+06 - 5.83E+06 ND HSDB 2.9E+06 best estimate is average 2,900

(experimental) of range
18,000 - 52,000 (dissolved
o.c. in natural waters)

890,000 (Aldrich humates)

Benzo(b)fluoranthene ND 7.59E+05 (solubility- HSDB 7.6E+05 range based on standard 760
based) deviation of 50%
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Table 4-2. Partitioning Coefficients for Qrg nic

^'14 7. W
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Compounds. (Sheet 2 of 7)

Constituent Measured K. Estimated'K. Source Best Comments 14 Used in
(based on Ce„ or of Ka, Estimate Model

solubility) Data for K. (K^ X 0.001
organic content)

Benzo(g,h,i)perylene > l E+06 (not clear how 9E+04 - 4E+05 (K„ _ (3SDB 5E+05 best estimate is average 500
es4.) 6.58) of range

Benzo(k)fluoranthene ND 3.31E+06 (log ]K.=6.52; IiSDB 3.3E+06 range based on standard 3,300
log K,, = 6.84) deviation of 50%

Benzoic acidl did not adsorb appreciably ND HSDB 0 insufficient data 0

Beta-HCH (beta-BHC) 2,897; 2,099; 3,573 ND ' tvt&W 2.9E+03 best estimate is average 2.9
of measured data

Bis(2-ethylhexyl) IE+04 - IE+05 ND ' HSDB 1.5E+04 best estimate is average 15
phtbalate of range

2-Butanone (MEK) N[) 1 ' M&W IE+00 range based on standard 0.001
deviation of 50%

Butylbenzylphthalate 68 - 350 ND HSDB 2.OE+02 best estimate is average 0.2
of range

Carbazole ND ND ND 0 no data 71

Carbon disulfide ND 63 1dSDB 6.3E+01 range based on standard 0.063
' '. deviation of 50%

Carbon tetrachloride 71 HSDB 2.9E+02 Best estimate is average 0.29
of data from HSDB and

220 M&W M&W because HSDB
440 , value seemed low.

420

4-Chloro-3-methylphenol ND 50 (solubility-based) HSDB 5E+01 range based on standard 0.05
deviation of 50%

4-Chloroaniline 230 - 469 ( Belgium soils) ND HSDB 8.1E+02 best estimate is average 0.81

96 - 1530 (German soils) of range
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Table 4-2. Partitioning Coefficients for Organic Compounds. (Sheet 3 of 7)

A
'-]

f)

Constituent Measured K. Estimated K. Source Best Comments Kd Used in
(based on Ko„ or of K. Estimate Model

solubility) Data for K. (K^ X 0.001
organic content)

Chlorqform 34 ND HSDB 3.4E+01 range based on standard 0.034
no appreciable adsorption deviation of 50%
poorly retained by aquifer
material

Chrysene ND 251,000-501,000 (K,, = HSDB 3.8E+05 best estimate is average 380
5.61 -5.91) of range

4,4-DDD ND 80,500 (not clear how HSDB 8.1E+04 range based on standard 81
estimated) deviation of 50%

4,4-DDE 50,000 8,300 (solubility-based) HSDB 5E+04 best estimate is measured 50
value

Di-n-butylphthalate ND 160; 6400 (solubility- HSDB 3.3E+03 best estimate is average 3.3
based) of range

Dibenzo(a,h)anthracene 805,292 to 3,059,425 ND HSDB 1.8E+06 best estimate is average 1,800
(11 values) of range
565,014 to 3,020,262
(3 values; soils)
2,029,000 (avg sed. and
soils)

Dibenzofuran ND 4600 (based on solubility), HSDB 5.5E+03 best estimate is average 5.5
5350 - 6350 ( log Kor = of range
4.12)

l,2-Dic:hloroethene ND 36 - 49 (solubility-based) HSDB 4.3E+01 best estimate is average 0.043
(total) of range
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Table 4-2. Partitioning Coefficients for Organic Compounds. (Sheet 4 of 7)

t.

o-

Camstituent Measured K. Estimated K. Source Best Comments K. Used in
(based on Ko„ or of K^ Estimate Model

solubility) Data for K. (Ka X 0.001
organic content)

1,3-Dichlorobenzene 293 f;silt loam soil, 1.9% 296 (solubility-based) HSDB 2.9E+02 best estimate is value 0.29
o.c.) 2450 (log Ko„ = 3.6) measured in soil
31600,12600
(suspended sediment-
wateir).

1,4-Dichlorobenzene 273 (silt loam soil, 1.9% 409 (solubility-based) HSDB 3.9E+02 best estimate is value 0.39
o.c.) 1514 (log Ka„ = 3.39) measured in sand
2190 (fine sand, .087-0.13
o.c.)
603 - 1833 (low o.c.)
700

Dieldrin 7,413 (measured) ND HSDB 7.4E+03 range based on standard 7.4
deviation of 50%

Diethylphthalate ND 94 (log Ko,. = 2.47); HSDB 3.IE+02 best estimate is average 0.31
526 (solubility-based) of range

Ethylbenzene 164 (silt loam) 871 HSDB 1.6E+02 best estimate is measured 0.16
value

Fluoranthene ND 66,000 (log K. = 5.22) HSDB 6.6E+04 range based on standard 66
deviation of 50%

Fluorene Koc = 5010 (log K^ = ND M&W 5.OE+03 range based on standard 5.0
3.70) deviation of 50%

Gamma-chlordane ND 1720 (log K,,. = 3.32) HSDB 8.6E+03 based on chlordane (no 8.6
15,500 (solubility-based) data available for

gamma-chlordane)

best estimate is average
of range

0
O
m_
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Table 4-2. Partitioning Coefficients for Organic Compounds. (Sheet 5of 7)

m

Constituent Measured K. Estimated K. Source Best Comments Kd Used in
(based on K0W or of K. Estimate Model

solubility) Data for K. (K- X 0.001
organic content)

2-Hexanone Nf) 134 (log KoW = 1.38) HSDB 1.3E+02 range based on standard 0.13
deviiation of 50%

Indeno 20,146 (not sure how ND HSDB 2.0E+04 range based on standard 20
(1,2,3-cd)pyrene estimated) devnation of 50%

Methoxychlor 9;700 to 41,000 (sand) 107,000 HSDB 2.5E+04 best estimate is average 25
8;,000 to 86,000 (coarse of measured values for
st t^ sand
7 „000 to 1 00,000 (med.
si t)
8 ;.000 to 100,000 (fine^
st t)

7 ^ ,.000 to 92,000 (clay)
620 (water/sed.)
80,000

4-Methyl-2-pentanone ND 19 (log K,,. = 1.19) HSDB 5.OE+01 best estimate is average 0.05
(MBK) 106 (solubility-based) of all data values

Methylene chloride 41fi HSDB 3.7E+01 best estimate is average 0.037
of values from both data

25 M&W sources, because HSDB
value was high

2-Methylnaphthalene 8,500 ND HSDB 8.5E+03 range based on standard 8.5
deviation of 50%

4-Methylphenol 49 (Brookston clay loam) 0.9 (solubility-based) HSDB 3.5E+02 best estimate is average 0.35
(p-Cresol) 650 (Coyote Creek of measured data only

seiiiment)

N-Nitrosodiphenylamine ND 1200 (log Kdy, = 3.13) HSDB 1.2E+03 range based on standard 1.2
deviation of 50%

v
0
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Table 4-2. Partitioning Coefficients for Organic Compounds. (Sheet 6 of 7)

^

-Nn

Constituent Measured K. Estimated K. Source Best Comments Kd Used in
(biased on K. or of K^ Estimate Model

solubility) Data for K_ (Ka X 0.001
organic content)

Naphthalene 871 (mean for 17 soils and ND HSDB I.4E+03 best es¢imate is averagee 1.4
sed.) of range
812 (soils/ Switzerland) . ,
2,400 (mean; 4 silt loams,
sandy loam soil)
594 (mean; range 420-830;
5 soils)

Pentachlorophenol 3,000 to 4,000 (soil and 1,000 (not clear how HSDB 3.5E+03 best est.imate is average: 3.5
sed.) estimated) of measured data only

Phenanthrene K., = 22,900 ND HSDB 2.3E+04 range based on standard 23
deviation of 50%

Phenol 39; 91 (silt loams) 148 (log K. = 1.46) HSDB 6.5E+01 best estimate is average: 0.065
of measured data only

Pyrene 57, 763-764, 706 (soils) ND HSDB 1.2E+04 best estimate is average: 12
48,. 236-285, 256 of ineasured values for
(sediments) sand
11,000 (sand) - 130,000
(med. silt) [pond sed.]
12,000 (sand) - 120,000
(med. silt) [river sed]
8,318

84,000

Tetrachloroethene 209, 210 1685 (Iog Ko,=3.4) HSDB 2.2E+02 best estimate is average 0.22
238 (Ke,.=137.7) of measured data only

1,1,2,2- 79 (silt loam) ND HSDB 7.9E+01 range based on standard 0.079
Tetrachloroethane deviation of 50%

v
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Table 4-2. Partitioning Coefficients for Organic Compounds. (Sheet 7 of 7)

^

ao

Ganstituenl Measured K. Estimated K. Source Best Comments Kd Used in
(based on Ko,, or of K. Estimate Model

solubility) Data for K, (K^ X 0.001
organic content)

Toluene 37 (Wendover silty loam) ND HSDB 1.8E+02 best estimate is measured 0.18
160 (Grimsby silt loam) value for sandy soil
46 (Vaudreil silt loam)
178 (sandy soil)
100, 151

1,:1,1-Trichloroethane 183 (silt loam) ND HSDB 1.3E+02 best estimate is average 0.13
mean range = 81-89 (silty of range
clay and sandy loam)

Trichloroethene 100 ND HSDB I.IE+02 best estimate is average 0.11

87, 150 (silty clay loams) of measured data

Vinyl chloride ND 56 (solubility-based) HSDB 5.6E+01 range based on standard 0.056
deviation of 50%

Xylenes(total) 46 - 68 ND HSDB 5.7E+01 best estimate is average 0.057
of range

Notes:
ND = No Data Available
ID = Insufficient Data Available

' Carbazole Kd is the most conservative value Qowest Kd) for PAH's.
References:

HSDB = Hazardous Substance Data Bank 1993-1994.
M&W = Montgomery and Welkom 1990.
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Table 4-3. Partitioning Coefficients for Radionuclides. (Sheet 1 of 2)

Radionuclide Hanford-Specific Kd Dataa Best
Estimate
for Kd

Amerium-241 200 (100 - 500) (Ames and Serne 1991) 200

Barium-140 25 (20-200) (Ames and Serne 1991) 25

Beryllium-7 20 (15-200) (Ames and Serne (1991) 20

Carbon-14 0 (0 to <5) (Serne and Wood 1990) 0

Cerium-141 200 (100 - 500) (Ames and Serne 1991) 200

Cerium-144 200 (100 - 500) (Ames and Serne 1991) 200

Cesium-134 50 (6 - > 1000) (Serne and Wood 1990) 50

Cesium-137 50 (50 - 3000) (Serne and Wood 1990) 50

Chromium-51 0 (Ames and Serne 1991) 0

Cobalt-58 50 (10 - 3000) (Ames and Serne 1991) 50

Cobalt-60 50 (10 - 3000) (Ames and Serne 1991) 50

Europium-152 200 (100 - 500) (Ames and Serne 1991) 200

Europium-154 200 (100 - 500) (Ames and Seme 1991) 200

Europium-155 200 (100 - 500) (Ames and Serne 1991) 200

Iron-59 50 (10 - 3000) (Ames and Serne 1991) 50

Manganese-54 20 (Serne and Wood 1990)
50 (10-3000) (Ames and Serne 1991)

35

Neptunium-237 2 (2-2,000) (Ames and Serne 1991) 2

Nickel-63 15 (variable) (Serne and Wood 1990)
30 (100 - 200) (Ames and Serne 1991)

23

Plutonium-238 100 (80 - 2000) (Serne and Wood 1990)
25 (100 - 2000) (Ames and Serne 1991)

63

Plutonium-239/240 100 (80 - 2000) (Serne and Wood 1990)
25 (100 - 2000) (Ames and Serne 1991)

63

Potassium-40 4 (1 - 30) (Ames and Serne 1991) 5

Radium-226 20 (Serne and Wood 1990) 20

Ruthenium-103 20 (10 - 1000) (Ames and Serne 1991) 20

Ruthenium-106 20 (10 - 1000) (Ames and Serne 1991) 20

Sodium-22 4 (1 - 30) (Ames and Serne 1991) 4

Strontium-90 25 (20 - 200) (Ames and Serne 1991)
10 (5 - 100) (Serne and Wood 1990)

18

Technetium-99 0 (0 - < 1) (Serne and Wood 1990) 0
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Table 4-3. Partitioning Coefficients for Radionuclides. (Sheet 2 of 2)

G.X'.

^.._:

^ry\

Radionuclide Hanford-Specific Kd Dataa Best
Estimate
for ICd

Th3riCm-228---- ---- --.^.0-(FF^ ^...^ ^^e:..e a:.d gJoou ^a i 9nm7w) cnjv

Thorium-232 50 (FF-5) (Serne and Wood 1990) 50

Thorium-234 50 (FF-5) (Serne and Wood 1990) 50

Tritium 0 (Ames and Serne 1991) 0

Total Uranium 2 (2- 2000) (Ames and Serne 1991) 0
0(0- < 10) (Serne and Wood 1990)

Uranium-233/234 2 (2- 2000) (Ames and Serne 1991) 0
0(0- < 10) (Serne and Wood 1990)

Uranium-235 2 (2- 2000) (Ames and Serne 1991) 0
0 (0- < 10) (Serne and Wood 1990)

Uranium-238 2 (2- 2000) (Ames and Serne 1991) 0
n {0-<--10)-{Serne andWood-1990)

Zinc-65 15 (Serne and Wood 1990) 23
30 (100 - 200) (Ames and Serne 1991)

Zirconium-95 40 (10 - 1000) (Ames and Serne 1991) 35
30 (Variable) (Serne and Wood 1990)

aRanges are shown in parentheses.
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6
- TatrI^^4. PartitiomngCoeifcients-for ittrirganicCor,tiiuenu. (Si^eet I ef 2)

Constituent Hanford-Specific Source of Kd Best
- ----------- -- PariiiiGning - ------------ - EStuTiaic

Coefficient (Kd) (L/kg) for Kd

Aluminum 20 (10-2000) Ames and Serne 1991 20

Antimony 0(0-40) Ames and Serne 1991 0

Arsenic 0 Serne and Wood 1990 0

Barium 50 Serne and Wood 1990 50
25 (20-200) Ames and Serne 1991

Beryllium 20 (15-200) Serne and Wood 1990 20

Cadmium 15 (variable range) Serne and Wood 1990 23
30 (100-200) Ames and Serne 1991

Calcium 10 (Variable) Serne and Wood 1990 15
20 (15-200) Ames and Serne 1991

Chromium (VI) 0 (variable) Serne and Wood 1990 0

Cobalt 10 (500-2,000) Serne and Wood 1990 30
50 (10-3000) Ames and Serne 1991

Copper 15 (variable) Serne and Wood 1990 23
30 (100-200) Ames and Serne 1991

Iron 50 (10-3000) Ames and Serne 1991 35
20 Serne and Wood 1990

Lead 30 Serne and Wood 1990 30
30 (100-200) Ames and Serne 1991

Magnesium 20 (15-200) Ames and Serne 1991 20

Manganese 20 Serne and Wood 1990 35
50 (10-3000) Ames and Serne 1991

Mercury 30 (100-200) Ames and Serne 1991 30

Nickel 15 (variable range) Ames and Serne 1991 23
30 (100-200) Ames and Serne 1991

Potassium 4( 1-30) Ames and Serne 1991 4

Selenium 0 Serne and Wood 1990 0

Silver 20 (unknown range) Serne and Wood 1990 25
30 (100-200) Ames and Serne 1991

Sodium 3 Serne and Wood 1990 3
4(1-30) Ames and Serne 1991

Strontium 25 (20-200) Serne and Wood 1990 18
10 (5-100) Ames and Serne 1991
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Table 4-4. Partitioning Coefficients for Inorganic Constituents. (Sheet 2 of 2)

Constituent Hanford-Specific Source of Kd Best
Partitioning Estimate

Coefficient (Kd) (L/kg) for Kd

Thallium 50 Serne and Wood 1990 50

Vanadium 50 (50 - 3000) Ames and Serne 1991 50

Zinc 15 (variable) Serne and Wood 1990 23
30 (100 - 200) Ames and Serne 1991

Ammonia 4(1-30) Ames and Serne 1991 4
Ammonium

Chloride 0 (0 to < 1) Serne and Wood 1990 0
0 Ames and Serne 1991

Fluoride 0 (0 to <1) Serne and Wood 1990 0
0 .Ames- and Serne1991

1_Nitrate 0 (0 to < 1) Serne and Wood 1990 0
0 Ames and Serne 1991

Nitrite 0 (0 to < 1) Serne and Wood 1990 0

Nitrite+Nitrate use same value as for 0
nitrate and nitrite

Phosphate 10 (variable) Serne and Wood 1990 30
50 (50-3000) Ames and Serne 1991

Sulfate 0 (variable) Serne and Wood 1990 0
0 Ames and Serne 1991
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Table 4-5. Half-lives for Organic Compounds. (Sheet I of 3)

Constituent Half-Life
HSDB
1993

Half-life
Howard

et. al 1991

Half-Life
Dragun
1988

Range Comments

Acenaphthene < I < I < 1 1

Acetone < I < I ND I

Anthracene < 1 1- 10 1- 10 1- 10

Aroclor-1248 < 1 ND ID 1

Aroclor-1254 ID ND ID ID use 10,000 years

Aroclor-1260 ID ND ^ ID ID use 10,000 years

Benzene < I 1- 10 < 1 1- 10

Benzo(a)anthracene ID 1 - 10 1 - 10 1- 10

Benzo(a)pyrene 10 - 100 1- 10 1 - 10 1- 100

Benzo(b)fluoranthene ID 1- 10 1- 10 1- 10

Benzo(g,h,i)perylene 1- 10 1- 10 1 - 10 I -10

Benzo(k)fluoranthene I -10 10 - t00 1- 10 1- 100

Benzoic acid < 1 ND Cl 1

Beta-HCH (beta-BHC) ND ND ID ID use 10,000 years

Bis(2-ethylhezyl) phthalate < 1 1- 10 ID 1- 10

2-Butanone ID < 1 ND 1

Butylbenzylphthalate ID < I < I I

Carbazold ND ND ND ND use 100 years

Carbon disulfide < 1 ND ND 1

Carbon tetrachloride ID 1- 10 ND 1- 10

4-Chloro-3-methylphenol ID ND ND ID "readily biodegradable"

(HSDB); use 1 year based
on analogy with phenol

4-Chloroaniline < I ND ND 1

Chloroform < 1 1- 10 ND 1- 10

Chrysene ID 1- 10 ND 1- 10

4,4-DDD ID 10 - 100 ID 10 - 100

4,4-DDE 1 - 10 10 - 100 ID 1- 100

Di-n-butylphthalate < I < I < I I

Dibenzo(a,h)anthracene < I 1- 10 1- 10 1 10

Dibenzofuran ID < 1 < 1 1

1,2-Dichloroethene (total) < I 1- 10 ND 1- 10

1,3-Dichlorobenzene < 1 < I < 1 1

1,4-Dichlorobenzene < 1 < I < I 1
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Table 4-5. Half-lives for Organic Compounds. (Sheet 2 of 3)

Constituent Half-Life
HSDB
1993

Half-life
Howard

et. at 1991

Half-Life
Dragun
1988

Range Comments

Dieldrin I-10 1-10 ID 1-10

Diethylphthalate < 1 < I < I I

Ethylbenzene < I < 1 < I I

Fluoranthene 1- 10 1- 10 1-10 1- 10

Fluorene ID < I < 1 I

Gatnma-chlordane ND 1- 10 ND 1- 10 based on chlordane (no data
available for gamma-
chlordane)

2-Hexanone < I ND ND I

Indeno(1,2,3-cd)pyrene ND 1- 10 1- 10 1- 10

Methoxychlor < 1 1- 10 ND 1- 10

4-Methyl-2-pentanone ID < 1 ND 1

Methylene chloride < I < 1 < l I

2-Methylnaphthalene < I ND < 1 1

4=Methylphenol ID , i ND I

N-Nitrosodiphenylamine < 1 < I < 1 I

Naphthalene < 1 < 1 < I I

Pentachlorophenol < 1 1- 10 < 1 1- 10

Phenanthrene ID 1- 10 < 1 1- 10

Phenol < 1 < I < I 1

Pyrene ID 10-100 1-10 1-100

Tettach'loPoethehe < 1 1= 10 < 1 1- 10

1,1,2,2-Tetrachloroethane < I < 1 < l 1

Toluene < I Cl < 1 1

1,1,1-Trichloroethane < 1 1 - 10 < 1 1- 10

Trichloroethene < 1 1 - 10 < 1 1- 10

Vinyi chloride < I 1- 10 < 1 1- 10
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Table 4-5. Half-lives for Organic Compounds. (Sheet 3 of 3)

Constituent Half-Life Half-life Half-Life Range Comments
HSDB Howard Dragun
1993 et. al 1991 1988

Xylenes(total) < 1 1- 10 < I I -10

Notes:

ND = No data.
ID = Insufficient data.
•Half-life for carbazole is based on most conservative value (highest) for all PAH's.

Sources:
Dragun 1988.
Howard et al. 1991.
HSDB = Hazardous Substance Data Bank 1993-1994.
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Table 4-6. Half-lives and Solubilities for Radionuclides. (Sheet I of 2)

Radionuclide Solubility
(mg/L)

Source Best Estimate
for Solubility

(mgR-)

Half-Life
(yr)

Amerium-241 LS (< 1) Ames and Serne 1991 1 432

Barium-140 LS (< 1) Ames and Serne 1991 1 0.0350

Beryllium-7 Insoluble Weast 1989 1 0.146

Carbon-14 30 wood 1994 30 5,730

Cerium-141 ND 1,000 0.0890

Cerium-144 ND 1,000 0.0778

Cesium-134 ND 1,000 2.06

Cesium-137 VS (> 1000) Ames and Serne 1991 1,000 30.2

Chromium-51 MS (> 1) Serne and Wood 1990 25 0.0759

Cobalt-58 ND
(use Co-60)

25 0.194

Cobalt-60 MS (1-25) Ames and Serne 1991 25 5.27

Europium-152 ND 1,000 13.6

Europium-154 ND 1,000 8.80

Europium-155 ND 1,000 4.96

Iron-59 LS (< 1) Ames and Serne 1991 1 0.122

Manganese-54 LS (< 1) Serne and Wood 1990
Ames and Serne 1991

1 0.86

Neptunium-237 MS (1-25) Serne and Wood 1990 25 2.14E+06

Nickel-63 MS (> 1) Serne and Wood 1990 25 100

Plutonium-238 ND (use Pu-
239/240)

1 87.8

Plutonium-239/240 LS (< 1) Serne and Wood 1990
Ames and Serne 1991

1 24,100'

Potassium-40 VS
(> 1000)

Ames and Serne 1991 0.12° 1.28E+09

Radium-226 ND 1,000 1,600

Ruthenium-103 ND 1,000 0.108

Ruthenium-106 ND 1,000 1.01

Sodium-22 VS
(> 1000)

Serne and Wood 1990 1,000 2.60

Strontium-90 MS (1-25) Ames and Serne 1991 25 28.6
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Table 4-6. Half-lives and Solubilities for Radionuclides. (Sheet 2 of 2)

Radionuclide Solubility Source Best Estimate Half-Life
(mg/L) for Solubility (yr)

(mgR-)

Technetium-99 VS (> 1000) Ames and Serne 1991 1,000 2.13E+05

Thorium-228 LS (< 1) Serne and Wood 1990 1 1.91

Thorium-232 LS (<1) Serne and Wood 1990 1 1.41E+10

Thorium-234 LS (< 1) Serne and Wood 1990 1 0.0660
years

Tritium VS Ames and Serne 1991 2.7E+054 12.3
( > 1000)

Total Uranium MS (1-25) Ames and Serne 1991 25 4.47E+091

Uranium-233/234 MS (1-25) Ames and Serne 1991 0.0014" 2.45E+05°

Uranium-235 MS (1-25) Ames and Serne 1991 0.18" 7.04E+08

Uranium-238 MS (1-25) Ames and Serne 1991 24.81 4.47E+09

Zinc-65 MS (1-25) Ames and Serne 1991 25 0.668

Zirconium-95 LS (< 1) Ames and Serne 1991 1 0.175
LS (< 1) Serne and Wood 1990

Notes:

LS = low solubllity

MS = moderately soluble
VS = very soluble

a Using half-life of Pu-239. (Half-life of Pu-240 = 6.57E+03 yr)
b Accounts for crustal isotopic abundance (Faure, 1977).
c The solubility of tritium was calculated based on the assumption that all hydrogen in water is
tritium.

d Using half-life of U-238.
e Using half-life of U-234. (Half-life of U-233 = 1.59E+05 yr)

Sources:
1. Ames and Serne 1991.
2, Serne and Wood 1990.
3. Weast et al. 1989.
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Table 4-7. Solubilities for Organic Compounds. (Sheet 1 of 3)

Constituent Solubility

(mg/L)

Source Best Estimate

Acenaphthene 3.47 at 25°C
3.93at 25'C

M&W 3.7

Acetone Miscible with water M&W and

HSDB

1E+99a

Anthracene 0.075 at 15°C M&W 0.075

Aroclor-1248 0.05 at20°C M&W 0.05

Aroclor-1254 0.05 at 20°C M&W 0.05

Aroclor-1260 0.08 at 24°C M&W 0.08

Benzene 1,780 at 20°C M&W 1,800

Benzo(a)anthracene 0.0057 at 20°C M&W 0.0057

Benzo(a)pyrene 0.004 at25`C M&W 0.004

Benzo(b)fluoranthene 0.0012 at25°C M&W 0.0012

Benzo(g,h,i)perylene 0.00026 at 250C M&W 0.00026

Benzo(k)fluoranthene 0.00055 at 25"C M&W 0.00055

Benzoic acid 3,000 at 18"C

2,700 at 18"C

M&W 2,900

Beta-HCH (beta-BHC) 5 at 20"C M&W 5

Bis(2-ethylhexyl) phthalate 0.041 at 20°C M&W 0.041

2-Butanone 353,000 at10"C M&W 353,000

Btt`ryibenrylphthaiate -- 2.9 HSDB 2.9

Carbazole Insoluble HSDB 22b

Carbon disulfide 2,000 at 20°C

2,940 at 20°C

M&W 2,500

Carbon tetrachloride 770 at 15°C M&W 770

4-Chloro-3-methyphenol 3,850 at20°C M&W 3,900

4-Chloroaniline 3,900 at 20 - 25'C M&W 3,900

Chloroform 8,520 at 15°C M&W 8,500

Chrysene 0.0015 at 150C M&W 0.0015

4,4-DDD 0.05 at 15°C M&W 0.05

4,4-DDE 0.055 at 15°C M&W 0.055

Di-n-butylpbthalate 10.1 at 206C M&W 10

Dibenzo(a,h)anthracene 0.0005 at 25'C
0.0025 at 25°C

M&W 0.0015

Dibenzofuran 10 at25'C M&W 10

1,2-Dichloroethene (total) 600 at 20°C M&W 600

1,3-Dichlorobenzene 69 at 22°C M&W 69
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Table 4-7. Solubilities for Organic Compounds. (Sheet 2 of 3)

Constituent Solubility
(mg/L)

Source Best Estimate

}^-D.eh1^ ^b° 49 at 22°C -- - M&W 49

Dieldrin 0.09 at 15°C M&W 0.09

Diethylphthalate 600 at 20°C
928 at 20"C

M&W 760

Ethylbenzene 140 at 15°C M&W 140

Fluoranthene 0.275 at 15°C M&W 0.275

Fluorene 1.69, 1.98, 0.19, 1.66 at
25°C

M&W 1.4°

Gamma-chlordane 0.009, 0.056, 1.85 at 25°C M&W 0.64d

2-Hexanone 3.5E+04 at 256C M&W 3.5E+04

Indeno(1,2,3-cd)pyrene 0.062 M&W 0.062

iviethozychlor 0.02 at l5°C - M&W 0.02

¢lytethyl-2-pentsnonelMiAKI 17,000 at 20'C M&W 17,000

Methylene chloride 20,000 at 20°C M&W 20,000

2=*".ethydnaphthalene 24^ to 25.4 at 25'C M&W 95

4-Methylphenol 19,400 at 20°C M&W 19,000

N-ttitrosodiphenylamine 35.1 at 25"C M&W 35

Naphttialsne-- -- 21.64 •_t ]s a°r M&W 22

Pentachlorophenol 14 at20°C

20 at 20°

M&W 17

Phenanthrene 1.6, 0.601 at 156C M&W 1.1

Phenol 82,000 at15"C M&W 82000

Pyrene 0.135 at 24°C M&W 0.14

Tetrachloroethene 149, 150, 2,200 at 20°C M&W 830

^ 1,1,2,2-Tetrachloroethane 2,900 at 20°C

3,230 at 20"C

M&W 3,100

Toluene - - 515 at 20°C M&W 520

1,1,1-Trichloroethane 4,400; 480; 730; 1,550;
1,360

M&W 1,700

Trichloroethene 1,100; 1,080 at 20°C M&W 1,100

Vinyl chloride 1,100; 2,700 at 25°C M&W 1900
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Table 4-7. Solubilities for Organic Compounds. (Sheet 3 of 3)

Constituent Solubility Source Best Estimate

I (mg/L)

Xylenes(total) 152 at 20°C M&W 150

Notes:

aAssume infinite solubtbty.

bBased on most conservative value for PAH's.
oAverage of all values.
dChlordane values are used for gamma-chlordane.

Source:

HSDB = Hazardous Substance Data Bank (1993-1994).
M&W = Montgomery and Welkom (1990).
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Table 4-8. Solubilities for Inorganic Constituents. (Sheet I of 2)

Constituent Solubility
(mg/L)

Source of Solubility Data Best Estimate of Solubility

Aluminum LS ( < 1) Ames and Serne 1991 1

Antimony VS (> 1000) Ames and Serne 1991 1,000

Arsenic VS ( >
1000)

Serne and Wood 1990
Ames and Serne 1991

1,000

Barium LS (< 1) Serne and Wood 1990
Ames and Serne 1991

1

Beryllium Unknown
insoluble

Serne and Wood 1990
Weast 1989

1

Cadmium MS (> 1)
MS I - 25)

Serne and Wood 1990
Ames and Serne 1991

25

Calcium MS ( > 1)
MS ( 1 - 25)

Serne and Wood 1990
Ames and Serne 1991

25

Chromium (VI) VS(> 1000) Ames and Serne 1991 1,000

Cobalt MS (I - 25) Ames and Serne 1991 25

Copper MS (> 1)
MS (1 -25)

Serne and Wood 1990
Ames and Serne 1991

25

:ror, LS ( < i) Ames and Serne 1991
Serne and Wood 1990

1

Lead LS (<1) Serne and Wood 1990
Ames and Serne 1991

1

Magnesium MS (1 -25) Ames and Serne 1991 25

Manganese LS (<1) Serne and Wood 1990
Ames and Serne 1991

1

Mercury Unknown
Insoluble

Serne and Wood 1990
Weast 1989

1

Nickel MS (> 1) Serne and Wood 1990 ws

Potassium VS (> 1000) Ames and Serne 1991 1,000

Selenium VS ( > 1000) Serne and Wood 1990 1,000

Silver MS (> 1)
LS (< 1)

Serne and Wood 1990
Ames and Serne 1991

25

Sodium VS (> 1000) Serne and Wood 1990
Ames and Serne 1991

1,000

Strontium MS (1 - 25) Serne and Wood 1990
Ames and Serne 1991

25

Thallium Insoluble Weast 1989 1
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Table 4-8. Solubilities for Inorganic Constituents. (Sheet 2 of 2)

Constituent Solubility Source of Solubility Data Best Estimate of Solubility
(mg/L)

Vanadium MS (I - 25) Ames and Serne 1991 25

Zinc MS ( > 1) Serne and Wood 1990 25
MS (I - 25) Ames and Serne 1991

Ammonia VS (> 1000) Ames and Serne 1991 1,000
(Ammonium)

Chloride VS ( > 1000) Ames and Serne 1991 1,000

Fluoride_ VS (> 1000) SgrnP and Wood 1990 1,000
MS (1 - 25) Ames and Serne 1991

Nitrate VS (> 1000) Serne and Wood 1990 1,000

Nitrite VS (> 1000) Ames and Serne 1991 1,000

Nitrite+Nitrate 1,000

Phosphate LS ( <1) Serne and Wood 1990 1
Ames and Serne 1991

Sulfate MS ( > 1) Serne and Wood 1990 25
MS (1 - 25) Ames and Serne 1991

Notes:

LS = low solubility
,".;S = -ioderately soiubie
VS = very soluble
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Table 4-9. Groundwater Background Screening for Inorganic Constituents

(Sheet 1 of 2)

Maximum Predicted Hanford Site

Constituent Detected Soil Groundwater Groundwater

Concentration Concentration Background

(mg/kg) (mg/I-)a (mg/L)b

Metals

Barium 4260 0.06 0.0685

^eryllium 4,'7 0fl14. Np

^ac[raium Z8.5 O.fl74 NTl

, Calcium 95300 1.5 63.6

ChrOmium Yi ^511t bEl 1VIY

^oba[t 94} 4 ' ; 4 ^8 I4It

^ ^oppar 9^3©0 I>3 ' ND

Iron 184000 0.06 0.086

I.ead 74? 0:06
-7777

N!3

Ma¢nesium 50000 1.5 16.48

Potassiumc 13000 60 7.975

Sclenium I1,T 24 NT# `

Siiver 362 Q.86 ND

Sodiumc 2610 51 33.5

Strontium 31 0.10 0.2641

Anions

EAtnmoniad

^Iuoride

N^. ?

138.3 2.0 0.12
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Table 4-9. Groundwater Background Screening for Inorganic Constituents.
(Sueet 2 or 2)

Maximum Predicted Hanford Site
Consfituent Detected Soii Groundwater Groundwater

Concentration Concentration Background
(mg/kg) (mg/L)a (mg/L)b

Sulfate 7115 1.5 90.5

Notes:

NR = Not Reported

ND = Not Detected

The shaded areas indicate retained groundwater contaminants.
aSource: Appendix A, Tables A-3 and A-4.
bSource: Hoover and Le Gore ( 1991).

£: Potassium and sodium are eliminated because they are not considered toxic to humans under normal
r.ucumstances-(D9E-RL 1993;).

dAmmonia is eliminated because it converts to nitrate under aerobic conditions (HSDB 1994).
Nt^ I Assuming all ammonia converts to nitrate, the resulting nitrate concentration of

2.35 mg/L is below the background concentration of 12.4 mg/L.
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Table 4-10. De Minimis and Travel Time Groundwater Contaminant Screening.
(Sheet 1 of 5)

Constituent Maximum Detected Soil
Concentration

Predicted
Groundwater
Concentration

Travel Time
to ERDF
Boundary

Organic Compounds (µg/kg) (mg/L) (Year)

Acenaphthene 850 <5E-07 > 10,000

Acewne 2800 <5E-07 520

An'uacene 6300 <5E-07 > 10,000

Aroclor-1248 10000 <5E-07 > 10,000

Aroclor-1254 6400 <5E-07 > 10,000

Aroclor-1260 2300 <5E-07 > 10,000

Benzo(a)anthracene 1800 <5E-07 > 10,000

Benzene 190 <5E-07 2,200

Benzo(a)pyrene 27000 <5E-07 > 10,000

Re^a.,^(b)fluora.n.thene 2400 <5E-07 > 10,000

Benzo(g,h,i)perylene 3700 <5E-07 > 10,000

Benzo(k)fluoranthene 760 <5E-07 > 10,000

Benzoic acid- 1300 <SE-07 520

Beta-HCH (beta-BHC) 7.8 3.2E-06 > 10,000

Bis(2-ethylhexyl) phthalate 33000 <5E-07 > 10,000

2-Butanone (MEK) 390 <5E-07 530

Butylbenzylphthalate 2600 <5E-07 4,400

Carbazole 54 <5E-07 > 10,000

Carbon disulfide 200 <5E-07 1,700

Carbon tetrachloride 8.0 <5E-07 6,100

Chlordane (gamma) 18 <5E-07 > 10,000

4-Chloro-3-asethypihenol - -38 - <5E-07 - - 1,500

4-Chloroaniline 6300 <5E-07 > 10,000

C;lcraiurc 80 <5E-07 1,200

Chrysene 43000 <5E-07 > 10,000

4,4-DDD 110 <5E-07 > 10,000

4,4-DDE 170 <5E-07 > 10,000

Di-n-butylphthalate 5500 <5E-07 > 10,000

Dibenzo(a,h)anthracene 1700 <SE-07 > 10,000
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Table 4-10. De Minimis and Travel Time Groundwater Contaminant Screening.
(Sheet 2 of 5)

Constituent Maximum Detected Soil
Concentration

Predicted
Groundwater
Concentration

Travel Time
to ERDF
Boundary

Dibenzofuran 500 < 5E-07 > 10,000

1,3-Dichlorobenzene 48 < 5E-07 6,100

1,4-Dichlorobenzene 51 < 5E-07 8,000

1,2-Dichloroethene 1000 <5E-07 1,300

Dieldrin 21 <5E-07 > 10,000

Diethylphthalate 1000 <5E-07 6,500

Ethyl benzene 330 < 5E-07 3,600

Fluoranthene 2900 <5E-07 > 10,000

Fluorene 1700 < 5E-07 > 10,000

2-Hexanone 9 <5E-07 3,000

Indeno(1,2 3-cd)pyrP.n.e 1600 < 5E-07 > 10,000

Methoxychlor 83 <5E-07 > 10,000

4-Methyl-2-pentanone 11 <5E-07 1,500

Methylene chloride 4500 <5E-07 1,200

2-Methylnaphthalene 13000 <5E-07 > 10,000

4-Methylphenol 1000 <5E-07 7,200

Naphthalene 4100 <5E-07 > 10,000

N-Nitrosodiphenylamine 1800 <5E-07 > 10,000

Pentachlorophenol 1500 < 5E-07 > 10,000

Phenanthrene 3900 <5E-07 > 10,000

Phenol 240 < 5E-07 1,800

Pyrene 12000 <5E-07 > 10,000

1,1;2,2-Tetrachioroethane 3 < 5E-07 - 2,000

Tetrachloroethene 1100 <5E-07 4,700

Toluene 150 < 5E-07 4,000

1,1,1-Trichloroethane 6 < 5E-07 3,100

i T=; t i^•^^ ^^^^ ' 390 <5E-07 2,600

Vinyl chloride 24 <5E-07 1,600

Xylenes(total) 1100 <5E-07 1,600
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Table 4-10. De Minimis and Travel Time Groundwater Contaminant Screening.
(Sheet 3 of 5)

Constituent Maximum Detected Soil
Concentration

Predicted
Groundwater
Concentration

Travel Time
to ERDF
Boundary

Radionuclides (pCi/g) (pCi/L) (Year)

Americium-241 34 < 1E-06 > 10,000

Barium-140 400 <1E-06 >10,000

Beryllium-7

Car60n<14

Cerium-141

90

G4D';

3

< 1E-06

1,3E+D6

< 1E-06

> 10,000

S^fk ::

> 10,000

Cerium-144 0.5 <1E-06 >10,000

Cesium-134 56 < 1E-06 > 10,000

Cesium-137 110000 < 1E-06 > 10,000

Chromium-51 3.465 < 1E-06 520

Cobait-5"a 14.1 < 1E-06 > 10,000

Cobalt-60 11000 < 1E-06 > 10,000

Europium-152 29000 < 1E-06 > 10,000

Europium-154 9200 < 1E-06 > 10,000

Europium-155 9600 < 1E-06 > 10,000

Iron-59 1 < 1E-06 > 10,000

Manganese-54 0.07 < lE-06 > 10,000

Neptunium-237 34 2.OE-01 > 10,000

Nickel-63 62000 < 1E-06 > 10,000

Plutonium-238 140 < 1E-06 > 10,000

Plutonium-239/240 2800 < 1E-06 > 10,000

Potassium-40 33 3.9E+02 > 10,000

Radium-226 42.8 < 1E-06 > 10,000

Ruthenium-103 1 < lE-06 > 10,000

Ruthenium-106 0.8 < 1E-06 > 10,000

Sodium-22 9.91 < 1E-06 > 10,000

Strontium-90 2000 < 1E-06 > 10,000

Technetium-99 1.1 2.3E+03 520

Thorium-228 16.79 < 1E-06 > 10,000

Thorium-232 3.546 4.2E+00 > 10,000

Thorium-234 1 < 1E-06 > 10,000
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Table 4-10. De Minimis and Travel Time Groundwater Contaminant Screening.

(Sheet 4 of 5)

Constituent Maximum Detected Soil Predicted Travel Time
Concentration Groundwater to ERDF

Concentration Boundary

Tritium 29000 4.2E-06 520

Zinc-65 0.3 < 1E-10 > 10,000

;= 3 Zirconium-95 0.56 < 1E-10 > 10,000

MetalsMetals (mg/kg) (mg/L) (Year)

Aluminum 78400 6.OE-02 > 10,000

^J Azttitnuuy 7$ b:: 3.9)w:+01 52U ;^ ..

Ars^niei 1y2 Z:; 6,OE:+01 520 `?

Beryllium 4.7 1.4E-02 > 10,000

Cadmium 28.5 7.4E-02 > 10,000

Cltnpmium Vi 2Stfl : 610B+01 520'

Cobalt 90.4 1.8E-01 > 10,000

Copper 95300 1.5E+00 > 10,000

Lead 747 6.0_F.-02 > 10,000

Manganese 3050 6.0E-02 > 10,000

Mercury 37.0 6.0E-02 > 10,000

Nickel 1750 1.5E+00 > 10,000

^eTenturn 11 i ; 2 4E+01

Silver 362 8.6E-0 1 > 10,000

Thallium 5.4 6.4E-03 > 10,000

Vanadium 389 4.6E-01 > 10,000

Zinc 6160 1.5E+00 > 10,000
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Table 4-10. De Minimis and Travel Time Groundwater Contaminant Screening.
(Sheet 5 of 5)

Constituent Maximum Detected Soil Predicted Travel Time
Concentration Groundwater to ERDF

Concentration Boundarv

A;.iv:s----- -

Notes: N/A = Not Available
Shaded areas indicate de minimis screening criteria exceeded.
De minimis value for organic compounds is SE-07 mg/L.
De minimi s value for radionuclides is 1E-02 pCi/L.

(Year)
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Table 4-11. Potential Groundwater Contaminants at the ERDF.

Constituent
Maximum

Detected Soil
Concentration

Predicted
Groundwater
Concentration

Travel Time to
ERDF Boundary

Radionuclides (pCi/g) (pCi/L) (yr)

Carbon-14 640 1.3E+06 520

Technetium-99 1.1 2.3E+03 520

Total Uranium 20034 1.1E+03 520

Uranium-233/234 2100 5.3E+02 520

Uranium-235 638.4 2.3E+01 520

Uranium-238 9143 4.9E+02 520

Metals (mg/kg) (mg/L) (yr)

Antimony 18.6 3.9E+01 520

Arsenic 62.2 6.0E+01 520

Chromium-VI 2510 6.OE+01 520

Selenium 11.1 2.4E+01 520

Anions (mg/kg) (mg/L) (yr)

Fluoride 40.3 6.OE+01 520

Nitrite 2.90 6.1E+00 520
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5.0 CONTAMINANTS OF POTENTIAL CONCERN

5.1 APPROACH

.wr7;
'^T 1

..s
0^1

Q.

The purpose of this chapter is to identify chemical and radiological contaminants at the
100, 200, and 300 Areas which may potentially pose risk to human health and the environment
once placed in the ERDF. For this purpose, a risk-based screening process and comparison to
ARARs is used to identify contaminants of potential concern (COPC). The risk-based screening
process involves the calculation of risk-based screening concentrations, which consider both
non-carcinogenic and carcinogenic effects. Risk-based screening concentrations are soil or
groundwater concentrations that correspond to a hazard quotient (HQ) of 0.1, or lifetime
incremental cancer risk (ICR) of Ix10'' using residential scenario exposure parameter values
(see Chapter 6 for a discussion of HQ and ICR). The equations and parameter values used to
perform the risk-based screening are provided in Revision 3 of the Hanford Site Risk
Assessment Methodology (HSRAM, DOE-RL 1994c).

If the maximum concentration detected for a contaminant exceeds a risk-based screening
concentration and/or an ARAR for that contaminant, it is retained for evaluation in the risk
assessment as a COPC. Otherwise, the contaminant is eliminated from the risk assessment
process. The screening process provides a high degree of confidence that these eliminated
contaminants pose only an insignificant risk to human health or the environment. COPC are
identified separately for soil and groundwater.

The process for selecting COPC is shown in the flow chart in Figure 5-1. The process
begins with the soil contaminants identified in Chapter 3, and the groundwater contaminants
identified in Chapter 4. Concentrations of these contaminants are compared to risk-based
screening concentrations and ARARs to determine COPC in soils and groundwater.

The human health screening process is also used to determine COPC for which
ecological risks are evaluated. This is justified in part because most of the data used to develop
human health toxicity values [i.e., reference doses (RfDs) and slope factors (SFs)] are from
animal studies. For this report, the primary indicator species is the Great Basin pocket mouse,
for which the animal study data are expected to be generally applicable. The adjustments used
in developing RfDs and SFs assumptions (see Section 6.1.2) regarding human exposure patterns
(i.e., residential scenario), and restrictive criteria (i.e., target ICR of 1x10'' and target HQ of
0.1) used in developing human health risk-based screening concentrations ensure that these
concentrations will also be protective of most non-human receptors at the ERDF. It is possible
tltat-humanhealth-scree.^.ing values fo r sc,.,e cor,taminants are inappropriate for ecological
receptors. However, it is expected that the contaminants of greatest concern from an ecological
perspective will be identified with a human health risk-based screening process.

5.2 HUMAN HEALTH TOXICITY VALUES

Table 5-1 presents RfDs and SFs for soil and groundwater contaminants. The
contaminants listed in Table 5-1 are the soil contaminants identified in Tables 3-8, 3-9, and
3-10, and the groundwater contaminants identified in Table 4-11. In some cases, toxicity values
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from one contaminant (i.e., a surrogate) are used to permit screening of another contaminant for
which toxicity values are not available. The following surrogates are used in this report:

• Ar-oclor-1248 -1254, md-125Ilars_Evaluated separately using toxicity
values for PCBs, which are based on a mixture of Aroclors

• benzo(a)pyrene is used as a surrogate for other B2 cancer class
polyaromatic hydrocarbons (i.e., benzo(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,
dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene)

• 2-butanone is used as a surrogate for 2-hexanone

• naphthalene is used as a surrogate for 2-methylnaphthalene

• pyrene is used as a surrogate for phenanthrene

• uranium-238+D is used as a surrogate for total uranium.

Radionuclide slope factors presented in Table 5-1 are those that account for the
contribution of radioactive daughter products. This is what is meant by the "+D" notation.

Although there is an inhalation slope factor for nickel, it is only appropriate for
evaluating nickel refinery dust, and is therefore not used to develop a risk-based screening
concentration for nickel.

- - 5 3- SOIL RISK-BASED SCREENING

Agpendix D-0f H8RA*h-(DOE-P.L 4994c) provides titeequations and cxposuie
parameter values used to calculate preliminary risk-based screening concentrations. Appendix D
indicates how these parameter values can be combined into summary screening factors. These`--•--- ,__,_• ,

Table 5-2. Summarycacwrs ^onginany presented in Table D-1 of HSRAlVn are provided in
screening factors are combined with toxicity values presented in Table 5-1 to yield risk-based
screening concentrations. For carcinogens, a risk-based screening concentration is determined
by dividing the summary screening factor by the contaminant-specific SF. For noncarcinogens,
a risk-baaedscreening_concentratis^nisdetermined-bymultiplyingLh^sut^ma.;, scre^n:.^,g factar
by the contaminant-specific RfD.

For the -yurpose of screening soil contaminants, risk-based screening concentrations are
calculated using residential scenario exposure parameter values and four exposure pathways:
soil ingestion, fugitive dust inhalation, inhalation of volatile compounds, and external radiation
exposure, Risk-basP11 scrrPning concentrations for soils are provided in Tables 5-3 (non-
radioactive contaminants) and Table 5-4 (radioactive contaminants).

Contaminant-specific/site-specific volatilization factors (VFs) are required to determine
risk-based screening concentrations for volatile contaminants. The VFs used in this report are
taken directly from the original Rls or QRAs identified as the source of the maximum
contaminant concentrations. For example, the maximum concentration of trichloroethene
(0.39 mg/kg) is from Burial ground No. 4 of the 300-FF-1 operable unit. The 300-FF-1 RI
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(DOE-RL 1993f; Table 4-14) indicates that the VF for trichloroethene at Burial ground No. 4 is
1.2x10' m'/kg. VFs are provided in Table 5-3.

Previous reports provide VFs for only seven of the volatile contaminants being
evaluated. Volatile contaminants for which VFs are not available are assigned a VF of 1x10'
m'/kg. This value is more conservative than all but one of the VFs from previous reports (vinyl
chloride is most conservative with a VF of 6x102 m'/kg). Volatilization factors were
determined only for volatile contaminants that have inhalation RfDs or SFs.

The maximum detected concentration in the 100 and 300 Areas and the minimum risk-
based screening concentration foreacncontaminant are provided in Table 5-5. If a maximum
detected contaminant concentration exceeds its associated risk-based screening concentration,
then it is a contaminant of potential concern. Shading in Table 5-5 indicates that a contaminant
is a COPC.

Several contaminants do not have toxicity values (with which to calculate risk-based
screening concentrations) or ARARs for comparison with the maximum detected concentration.
These contaminants are benzo(g,h,i)perylene, 4-chloro-3-methylphenol, dibenzofuran, 1,3-
dichlorobenzene, 4-methylphenol, and sulfate. All except 4-methylphenol are group D
carcinogens (not classifiable as to human carcinogenicity); 4-methylphenol is a group C
carcinogen (possible human carcinogen). All except sulfate have maximum detected
concentrations less than 4 mg/kg. Because of the lack of evidence of carcinogenity and low
concentrations, none of these contaminants are considered COPC.

It is unknown whether the maximum concentration for total chromium (2.5x10' mg/kg)
represents trivalent or hexavalent chromium. Therefore, the risk-based screening concentrations
for both chromium (III) and (VI) are provided in Table 5-5. These values indicate that, if total
chromium data represents chromium (III), chromium would not be considered a COPC.
However, all chromium is conservatively assumed to be hexavalent, and chromium is
considered a COPC. Because the total chromium concentration of 2.5x10' mg/kg is assumed to
represent chromium (VI), and this value is greater than the maximum detected chromium (VI)
concentration of 5.0 mg/kg, only the larger of these two values is carried forward into the risk
assessment.

Gross alpha and gross beta activity measurements are general indicators of radioactivity.
They are not useful data for quantitative risk assessment because toxicity data for radionuclides
is isotope-specific. Because the radionuclide inventory is well characterized with a large
number of radioisotopes, gross alpha and gross beta are not carried forward into the risk
assessment.

Potassium-40 is also eliminated from further consideration. Potassium-40 is a naturally-
occurring, primordial radionuclide which is present in all soils (Eisenbud 1987). It is not
produced in fission reactions, nor is it a daughter product of any radionuclide which is produced
in fission reactions. Therefore, any measurements of potassium-40 in any medium can be
attributed to natural potassium, and are not indicative of environmental contamination.

Total uranium as well as the individual isotopes of uranium all exceed their respective
risk-based screening concentrations. However, only total uranium is carried forward into the
risk assessment. Total uranium is made up of the individual isotopes, such that adding the risk
of total uranium to those of individual isotopes essentially means counting the same risk twice.
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It is conservative to evaluate total uranium instead of the individual isotopes because the
maximum detected concentration of total uranium is greater than the sum of the isotope
concentrations.

5.4 GROUNDWATER RISK-BASED SCREENING

Risk-based screening concentrations for groundwater contaminants are calculated using
the toxicity factors in Section 5.2 and the same calculation methods as those for soil
contaminants (see Section 5.3). Groundwater contaminants are identified in Table 4-11.
Toxicity values for these contaminants are provided in Table 5-1, and summary screening
factors are provided in Table 5-2. Risk-based screening concentrations are calculated only for
the groundwater ingestion pathway. Risk-based screening concentrations for the volatile
inhalation are not calculated because none of the volatile soil contaminants are considered
groundwater contaminants. Risk-based screening concentrations for groundwater contaminants
are provided in Table 5-6.

The predicted groundwater concentration and minimum risk-based screening
concentration for each contaminant are provided in Table 5-7. The minimum ARAR
concentration (see Chapter 7) for each contaminant is also identified in Table 5-7. If a predicted
groundwater concentration exceeds either its associated risk-based screening or ARAR
concentration, then it is a contaminant of potential concern. Shading in Table 5-7 indicates that
a contaminant is a COPC.

The predicted groundwater concentration of chromium (VI) is based on total chromium
data. However, it is conservatively assumed that all chromium is hexavalent.

As with the soil risk-based screening, total uranium is retained for the risk assessment
while individual uranium isotopes are not.

f3R COIYTAMffiNAiriS OF POirdriuu, CONCERN

Contaminants of potential concern for soil and groundwater are provided in Tables 5-8
and 5-9, respectively. Also provided in these tables are the maximum detected soil
concentrations and predicted groundwater concentrations. Soil COPC are carried forward into
the risk assessment (Chapter 6) to evaluate human health and ecological risks associated with
e.xposureto-contaminated soils-. --Groandwater-COPG are used in the risk assessiiient to evaluate
human health risks associated with-gr-oundwater exposures.
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Figure 5-1. Overview of Contaminant Identification Process.

5F-1



THIS PAGF
% ' `" ^L C r



^ DOE/RL-93-99, Rev. 0

Table 5-1. Contaminant Reference Doses and Slope Factors. (Sheet 1 of 4)

Contaminant Ingestion Inhalation External

RfD SF RfD SF SF
Organic Compounds (mg/kg-d) (mg/kg-d)-1 (mg/kg-d) (mg/kg-d)-1 NA

Acenaphthene 6.0E-02h - - -

Acetone 1.0E-01 - -
Anthracene 3.0E-01h - - -
Aroclor-1248a 7.7E+ - -

Aroclor-1254a 7.7E+00h - -
Aroclor-1260a 7E+50 - -

Benzo(a)anthracene b 7.3E+ - -

Benzene 2.9E-02 - 2.9E-02
n........'..^....-
uciuv^a^ ienc

1 or. 01nU
+ - - - -

Benzo )fluoranthene 7.3E+ - -
Benzo( ,h,i e lene - - -

Benzo(k fluoranthen 7.3E+ - -
Benzoic acid 4.0E+00h - - -
Bis(2-eth ]hex l) hthalate 2.0E-02 1.4E-02 - -

2-Butanene- - - - 613E-(2 - )
.
nv nih -

Bu Ibenz I hthalate 2.OE-01h - - -

Car$azoYe -
ti

2.0E-02" - -
Carbon disulfide 1.0E-01 - 3.OE-03t -
Carbon tetrachloride 7.OE-0411 1.3E-01 - 5.3E-02 >I
Chlordane amma 6.0E-05h 1.3E+00h - 1.3E+00h,t
4-Chloro-3-meth henol - - - -
4-Chloroaniline 4.0E-03 - - -
Chloroform 1.0E-02h 6.1E-03h - 8.1E-02 t
Ch ryseneb - 7.3E+ - -
4,4-DDD - 2.4E-0lh - -

4,4-DDE - 3.4E-01 - -

Di-n-bu 1 hthalate 1.0E-Ol - - -

Dibenzo (a,h )anthraceneb - 7.3E+00h - -
Dibenzofuran - - - -

1,J L^I.hIGIGUGIILG^IG

1,4-Dichlorobenzene - 2.4E-021 2.0E-011 -

1,2-Dichloroethene (total ) 9.0E-03' - - -
Dieldrin 5.OE-05h 1.6E+011 - 1.6E+Olh
Dieth I hthalate 8.0E-01 - - -
Ethy l benzene 1.0E-01h - 2.9E-0 1h -
Fiuvrai'iui^n^ - 4.vEv2h - - -

Fluorene QE-02h

Beta-HCH (Beta-BHC) 1.8E+00i
2-Hexanonec 6.0E-01 - 2.9E-01 -
Indeno(1,2,3-cd)pyreneb - 7.3E+ - -

5T-la
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Table 5-1. Contaminant Reference Doses and Slope Factors. (Sheet 2 of 4)

Contaminant Ingestion Inhalation External

RfD SF RfD SF SF
Methoxychlor 5.0E-03h
4-Meth I-2- entanone 5.0E-02' - 2.0E-02' -
Meth lene Chloride 6.0E-02h 7.5E-03h 9.0E-01' 1.6E-03h
2-Meth Ina hthalene 4.OE-03J

4-Meth I henol

Naphthalene 4.0E-031 - - -

N-Nitrosodiphenylamine - 4.9E-03h_ - -

Pentachloro henol 3.OE-02h 1.2E01 - -
PhenanthreSPe . . . 'i !1F_l12h - - -

Phenol 6.0E-0]h - - -
Pyrene 3.0E-02h - - -
1,1,2,2-Tetrachloroethane - 2.0E-01 - 2.0E-01 ,'

Tetrachloroethene 1.0E-02h 5.2E-02k - 2.0E03
Toluene 2.OE-Ol h - 1.0E-01 -
1, 1, 1 -Trichloroethane - - 3.OE-011 -
Trichloroethene 6.0E-03m 1.1E-02m - 6.0E-03m
Vinyl Chloride 1 _9E±nn1 - 3.0E-01'
Xy lenes ( total ) 2.0E+00h - - -

Inorganic Constituents (mg/kg-d) (mg/kg-d)-1 (mg/kg-d) (mg/kg-d)-I NA

Aluminum 1.0E+OOn -

Ammonia - - 2.9E-02h -
A.n.timo.n.,, 4.0E-04h - - -
Arsenic 3.0E-04 2.0E+ - 1.5E+Ol h

Barium 7.OE-02h - 1.0E-04' -
Bery llium 5.0E-03h 4.3E+00h - 8.4E+00h>'
Cadmium (food) 1.0E-03h - - 6.3E+00h
Chromium (III) LOE+O - - -

Chromium (VI) 5.0E-03h - - 4.2E+01'
Cobalt 6.0E-02° - - -

Copper 4.-0E-02P
Fluoride 6.0E-02 - -
Lead

Manganese (food ) 1.4E-Olh - 1.1E-04 -
Mercu ry 3.0E-04' - 9.0E-05' -
Nickel 2.0E-02 - - 8.4E-0 I 7
nr:..:.e : nr_

Selenium 5.OE-03h -

Silver 5.0E-03h - - -
Strontium 6.0E-01 - - -
Sulfate

5T-1b
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Table 5-1. Contaminant Reference Doses and Slope Factors. (Sheet 3 of 4)

Lr;

Contaminant Ingestion Inhalation External
RfD SF RfD SF SF

Thallium (oxide) 7.0E-05' - - -
Vanadium 7.0E-03' - - -
Zinc 3.0E-01h - - -

Radionuclides NA (pCi) NA (pCi)- (pCi-yr/g)-1
Americium-241 2.4E-10' 3.2E-08' 4.9E-09'
Barium-140 2.7E-12' 2.0E-12' 5.4E-07'
Beryllium-7 3.0E-14' 2.7E-13' 1.5E-07'
Carbon-14 9.0E-13' 6.4E-15' O.0E+00'
Cerium-141 8.3E-13' 8.4E-12' 1.3E-07'
Cerium-144 6.1E-12' 3.4E-10' 2.5E-08'
Cesium-134 4.IE-11' 2.8E-11' 5.2E-06'
Cesium-137+D 2.8E-11 1.9E-11 2.0E-06'
Chromium-51 4.3E-14' 3.0E-13' 9.2E-08'
Cobalt-58 1.6E-12' 9.8E-12i 3.3E-06i
Cobalt-60 1.5E-11' 1.5E-10' 8.6E-06'
Euro ium-152 2.1E-12' 1.1E-10' 3.6E-061
Euro ium-l54 3.0E-12' 1.4E-10' 4.1E-06'
Europ ium-155 4.5E-13' 1.8E-11i 5.9E-08'
Gross Al p ha - - -
Gross Beta - - -
Iron-59 2.8E-12' 9.7E-12' 4.1E-06'
Manganese-54 1.1E-12' 5.3E-12' 2.9E-06'
Nickel-63 2.4E-13' 1.8E-12' O.0E+00'
Plutonium-238 2.2E-]0' 3.9E-08' 2.8E-I1'
Plutonium-239/240 2.3E-10' 3.8E-08' 2.7E-11'
Potassium-40 I.1E-11' 7.6E-12' 5.4E-07'
Radium-226+D 1.2E-10' 3.0E-09' 6.0E-06'
Ruthenium-103 9.0E-13' 8.4E-12' 1.5E-06'
Ruthenium-106 9.5E-12' 4.4E-10' O.0E+00'
Sodium-22 6.8E-12' 4.8E-12' 7.2E-06'
Strontium-90+D 3.6E-11 6.2E-11 O.0E+00'
Technetium-99 1.3E-12 8.3E-12' 6.0E-13'
Thorium-228+D 5.5E-I1' 7.8E-08' 5.6E-06'
Thorium-232 1.2E-11 2.8E-08' 2.6E-11'
Thorium-234 4.0E-12' 3.2E-11' 3.5E-09'
Tritium (H dro en-3) 5.4E-14' 7.8E-14' O.0E+00'
Uranium total g 2.8E-11' 5.2E-08' 3.6E-08'
Uranium-233/234 1.6E-11' 2.7E-08' 4.2E-11'
Uranium-235+D 1.6E-11' 2.5E-08' 2.4E-07'
Uranium-238+D 2.8E-11' 5.2E-08' 3.6E-08'

5T- I c
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Table 5-1. Contaminant Reference Doses and Slope Factors. (Sheet 4 of 4)

^.....^

€° ŷ
t^d

^`^..

Contaminant Ingestion Inhalation External
RfD SF RfD SF SF

Zinc-65 8.5E-121 1.6E-11^ 2.0E-061
Zirconium-95 9.9E-131 I.OE-11^ 2.5E-061
a Each Aroclor is evaluated using toxicity values for PCBs.
u Benzo(a)pyrene used as surrogate for benzo(a)anthracene, benzo(b)fluoranthene,

benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene.
c 2-Butanone used as surrogate for 2-hexanone.
d Naphthalene used as surrogate for 2-methylnaphthalene.
e Pyrene used as surrogate for phenanthrene.
f Inhalation SF for nickel is for refinery dust, and is not used to evaluate nickel at the ERDF.
g Ura_niutn=23-8+Dslopefactrars used in Pvalll]tP IIT AWfliiinl rtr,tan. ^..,....,.
h IRIS (EPA 1993c)

HEAST (EPA 1993d)
J Superfund Technical Support Center (EPA 1992a)
k Superfund Technical Support Center (EPA 1993a)
I Superfund Technical Support Center (EPA 1993b)
in Superfund Technical Support Center (EPA 1992b)
n Superfund Technical Support Center (EPA 1992c)
o Superfund Technical Support Center (EPA 1992d)
P Superfund Technical Support Center (EPA 1991a). Value used as oral RfD for copper is the lower

end of the recommended range (4E-02 to 7E-02 mg/kg-d).

Note: +D designation indicates radionuclide slope factors that account for the contribution of
radioactive daughter products.

RfD = reference dose
SF = slope factor
NA = not applicable
- = quantitative toxicity values not currently available

ST-1 ri
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Table 5-2. Summary Screening Factors for Risk-Based Screening.

Summarv Screenin g Factor
Media Exposure

Route Noncarcinogen
Carcinogen

(Non-radioactive) Radioactive

Soil Ingestion 8.OE+03 6.4E-02 7.6E-11
Inhalationa 3.2E+06 1.6E+01 9.1 E-09
iiilialation i.6B-01 x VFb 8.2E-07 x VFb NA

External Exposure NA NA 4.2E-09
Groundwater Ingestion 1.6E+00 8.2E-06 4.6E-12
aAssuming a particulate emission factor = 2E+07 m3/kg.
bVF = volatilization factor (m'/kg).
NA = not applicable.
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Table 5-3. Risk-Based Screening cncentrations (mg/kg) for

P_.Pti

Soil Pathways - Non-Radioactive Contaminants. (Sheet I of 4)

Soil In estion Fu . Dust lnhalation Inhalation of Volatiles
Contaminant Noncarc. RBC Care . RBC Noncarc. RBC Carc. RBC volatile? VF (m3/k ) Noncarc. RBC Carc. RBC

Organic Compounds,

Acenaphthene 4.8E+02

Acetone 8.0E+02: .< ' yes no toxicit values

Anthracene 2,41 +03!__ ',
Aroclor-1248 8.3E#33 ?
Aroclor-1254

Aroclor-1260 8.3 E-03

Benzo(a)anthracene 8.8E 43
Benzene 2.2E+00 5.5E+02 yes 2.6E+03 7.413-02

Benzo(a) pyrene

Benzo(b)fluoranthene

Benzo( ,h,i er lene

Benzo(k)fluoranthene $.8E-43

Benzoic acid

Bis(2-eth Ihex I) hthalate 1.6E+02 4.6E+00

2-Butanone 4.8E+03 9.3E+05 yes I.OE+03 4.6E+01

But Ibenz I hthalate #.6E+03s

Carbazole 3.2E+00

Carbon disulfide 8.OE+02 9.6E+03 yes I.OE+03 4,88-01

Carbon tetrachloride 5.6E+00 4.9E-01 3.OE+02 es 3.OE+03 4;6Er02

Chlordane (gamma) 4.8E-01 4.9,E-02 1.2E+01

4-Chloro-3-meth henol

4-Chloroaniline 3.2E+01:

Chloroform 8.0E+01 1.0E+01 2.0E+02 yes I.OE+03 1':0E-42

Chr sene $,8E-03

4,4-DDD 2.713-01

4,4-DDE 1.9E-01

U

O
0
m

ŵ
^
^

^

0



Tiable 5-3. Risk-Based Screening Concentration (mg/kg) for Soil Pathways - Non-Radioactive Contaminants. (Sheet 2 of 4)

^
^

c

Soil In estion Fug . Dust Inhalation ! Inhalation of Volatiles ^
Contaminant Noncarc. RBC Carc. RBC Noncarc. RBC Carc. RBC volatile? VF (m3/k ) Noncarc. RBC Carc. RBC

L^i-PJ-buil I hthalate 8.0E+02
Dibenzo(a,h)anthracene 8.8E-03
qibr;nzolFuran

1,3-Dich lorobenzene

1,4-Dich lorobenzene 2.7E1-00 6.4E+05
I;2-Dic loroethene (total) 7.2E { Ol yes no toxicit values
DieVdrin 4.0E-01 4.0E-03 I.OE+00
Dieth I hthalate fr.4E+03
thI beinzene 8.OE+02 9.3E+05 yes 7.8E+03 3.6E+02

Fluc^ranthene 3.2E+021
F9ucrene 3.2E+02'.
Beta-BHi (Beta-BHC) 3.6E-02 8.9E+00
2-Hexanime 4.8E+03 9.3E+05 yes I.OE+03 4.6E+01
]ndeno(1,2,3-cd) rene

_Met ĵx^chlor 4.013+01

8.$E-03
_

4_-Methy l -2- entanone 4.OE+02 6.4E+04 yes I.OE+03 A.2E+00
Nletl^ie Chloride 4.8E+02 8.5E+00 2.9E+06 I.OE+04 yes LiDE+03 1.4E+02 5:1E,01
2-Meth Inaphthalene 3.213+01
4-Meth I henol

Na thalene 3.2E+01 :

N-Nitrosodi hen lamine 1.3E+01
Pentachloro phenol 2.4E+02

Phenanthrene 2.4E+02
Phenol 4,$13+03
Pyrene 2.4E+02
I, I,2,2-Tetrachloroethane 3.2E-01 8.0E+01 yes 1.0E+03 4 IE-03
Tetncchloroethene 8.0E+01 L2E-t00 8.OE+03 yes 4.1E+03 1.7E+00

Ci
rtv
zl
r^
^b
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Table 5-3. Risk-Based Screening Concentrations (mg/kg) for Soil Pathways - Non-Radioactive Contaminants. (Sheet 3 of 4)

^

^

Soil In estion Fug. Dust Inhalation Inhalation of Volatiles
Contaminant Noncarc. RBC Carc. RBC Noncarc. RBC Carc. RBC volatile? VF (m3/k ) Noncarc. RBC Carc. RBC

Toluene 1.6E+03 3.2E+05 yes 2.2E+03 3.5E+41
I,I,1-Trichloroethane 9.6E+05 yes 1.0E+03 ! 4.8E+QI

Trichloroethene 4.8E+01 5.8E+00 2.7E+03 yes I.2E+03 1':6E-(ll _;'.
Viny l Chloride 3.4E-02 5.3E+01 yes 6.OE+02 1;6E-03

Xylenes (total ) 1.68+04 yes no toxicity values

Inorganic Constituents

Aluminum 8.OE+i13 :

Ammonia 9.3E+04 ves 1.0E+03 4.6E+(10

Arsenic 2.4E+00 3.2E-02 I_1E+00

Barium 5.6E t 02 3.:?)?+4^

Bery llium 4.0E+01 1.5EV 1.9E+00

Cadmium 8.0E+00 23E+00

Chromium (111) 9,OE+03
Chromium (VI) 4.0E+01 3.8E^01 :

Fluoride

1.1E+03

2.9E+02

Nickel

Nitrite (as

Selenium

Silver

Strontium

Su l fate

C7
C^
rn
Po
r-
^o

m<
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Table 5-3. Risk-IBascxl Screening Concentrations (mg/kg) for Soil Pathways - Non-Radioactive Contaminants. (Sheet 4 of 4)

Soil In estion Fug. Dust Inhal ation Inhalation of Volatiles
Contaminant Noncar c. RBC Carc.. RBC Noncarc. RIBC Carc. RBC volatile? VF (m3/k ) Noncarc. RBC Carc. RBC

Thallium

^Vanadium 5 6B+©1 :

Zinc ..__^..^_. ..- _^-
Blank cells indicate that toxicity values are not currently available with. which to calculate risk-based screening concentrations.
Toxicity values used to calcula¢e risk-based screening concentrations are provided in Table 5-1.
RBC = Risk-based screening concentration
VF = volatilization factor
Minimum RBC for each contaminant is shaded.
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Table 5-4. Risk-Based Screening Concentrations (pCi/g) for Soil Pathways - Radioactive Contaminants.

Radionuclide Soil Ingestion

RBC
Fugitive Dust

Inhalation RBC
External

Exposure RBC

Americium-241 3.2E-01 2.$E-01 8.6E-0I

Barium-140 2.8E+01 4.6E+03 7:8E-03

Beryllium-7 2.5E+03 3.4E+04 2.8E-02

Carbon-14 8.4E+01 1.4E+06 a

Cerium-141 9.2E+01 1.1E+03 3.2E-02

Cerium-144 1.2E+01 2.7E+01 1.7E01

Cesium-134 1.9E+00 3.3E+02 8.7E-04

Cesium-137 2.7E+00 4.8E+02 2.IE-03

Chromium-51 1.8E+03 3.OE+04 4.6E-02

Cobalt-58 4.8E+01 9.3E+02 1.3E-03

Cobalt-60 5.(E+00 6.1E+01 4.9EM04

Europium-l52 3.6E+01 8.3E+01 L2F-Q3

Europium-154 2.5E+01 6.5E+01 1.0E-03

Europium-155 1.7E+02 5.IE+02 7.IE^Y2

Iron-59 2.7E+01 9.4Et02 1.4E-03

Manganese-54 6.9E+01 I .7E+03 1.4E-03

Nickel-63 3.2E+02 5.1E+03 a

Plutonium-238 3.5E-0 1 23FAI 1.5E+02

Plutonium-239/240 3.3E-01 2.4F01 6F+m1. . .,,_

Potassium-40 6.9E+00 1.2E+03 7.8E-03

Radium-226 6.3E-01 3.0E+00 7.0E-04

Ruthenium-103 8.4E+01 1.1E+03 2,8E-03

Ruthenium-106 S.OE+00 2.IE+01 a

Sodium-22 1.1E+01 1.9E+03 5.8E-04

Strontium-90 2.1E+00 1.5E+02 a

Technetium-99 5.8E+01 1.IE+03 7.0E+03

Thorium-228 1.4E+00 1.2E-0I 7.5E-04

Thorium-232 6.3E+00 3-3E-0I 1.6E+02

Thorium-234 1.9E+01 2.8E+02 1.2E+00

Tritium 1.4E+03 1.2E+05 a

Uranium (total) 2.7E+00 L.BE-01 1.2E;01

Uranium-233/234 4.8E+00 3.4E-01 1.0E+02

Uranium-235 4.8E+00 3.6E-01 1.8E-02

- -- - Uranium-238 2.7E#10 -1,8E-0 1 1.2E-01

Zinc-65 8.9E+00 5.7E+02 2.1E-03

Zirconium-95 7.7E+01 9. l E+02 1:7E-03

Radionuclide is not an external exposure hazard.
C = Risk-based screening concentration
inimum RBC for each contaminant is shaded

5T-4
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Table 5-5. Comparison of Maximum Soil Contaminant Concentrations

to Risk-Based Screening Concentrations and ARARs. (Sheet I of 5)

Contaminant
Maximum

Contaminant
Concentrationa

Minimum Risk-
Based

Concentrationb

Organic Compounds (mg/kg) (mg/kg)

Acenaphthene 8.5E-01 4.8E+02

Acetone 2.8E+00 8.OE+02

Anthracene 6.3E+00 2.4E+03

Benzo(g,h,i)perylene 3.7E+00 -

^enzo{k^#tuuraaihene

Benzoic acid 1.3E+00 3.2E+04

His(2 ecltyihetcyt}phtha^ate 3.^^^fl1 4:^E+00 :

2-Butanone 3.9E-0 1 4.6E+01

Butylbenzylphthalate 2.6E+00 1.6E+03

Carbazole 5.4E-02 3.2E+00

Carbon disulfide 2.OE-01 4.8E-0 1

Carbon tetrachloride 8.OE-03 4.6E-02

Chlordane (gam_rna) 1.8E-02- 4.9r;.-^,2

4-Chloro-3-methyphenol 3.8E-02 -

4-Chloroaniline 6.3E+00 3.2E+01

4,4-DDD 1.1E-01 2.7E-01

4,4-DDE 1.7E-01 1.9E-01

Di-N-butylphthalate 5.5E+00 8.0E+02

I?t'benza,(a,h)anthracene 1.717^fl0 8.8E-03

Dibenzofuran 5.OE-01 -

1,3-Dichlorobenzene 4.8E-02 -

5T-5a
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Table 5-5. Comparison of Maximum Soil Contaminant Concentrations
tfl-Ms4-$3sCd-SC:eGI2i.^.£-.r-.'3.^.C.°.ntr"atiCns and ."^RnRs. ^Shcct 2 of 51

Contaminant

1,4-Dichlorobenzene

1,2-Dichloroethene (tot

1, 1, 1 -Trichloroethane

.3 YIAyi CI114ilCl$ L.q^-VL r: [.i2^i^fJ^ ;

Xylenes (total) 1.1E+00 1.4E +04

5T-5b
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Table 5-5. Comparison of Maximum Soil Contaminant Concentrations
to Risk-Based Screening Concentrations and ARARs. (Sheet 3 of 5)

Maximum Minimum Risk-
Contaminant Contaminant Based

Concentrationa Concentrationb

Inorganic Constituents (mg/kg) (mg/kg)

Abamsnum 704 8.flE-•03

A^zumtua ^.4)w +iU ^ 4.4F bQQ

Amimouy ^^^+i?Z 3.2E # D0

ilr5enle ::
ET

Fi12 3.2E^t12 <

; Barimu 4.3^-t^^ 3 2E-F02 i.

B er,^ilium .. . ^}.'T)r-}^{IO 15E^i2 . ;

< l *atimniii^ 2^^^fli ^ SE^ QQ

Aratt^,^^t t^ ;' •• ^ s^+t^ /3.s^
Otrbmium (^ ; 5.43L+t)f3 3.8E^i

Cobalt 9.0E+01 4.8E+02

soopCY .; 9 SEi V4 3. 2Ee 42 :.

Fluoride 4.0E+01 4.8E+02

500-1000e

l^iatlgan^ee < 3 i^-i U^ 3 5E^U2 `

Mer^try; ^'TE^-0I ^ 4E#iltl

^T'a^ke1 ": 1 :i I 6E+02 <: .

Nitrite (as N) 2.9E+00 8.OE+02

Selenium 1.1E+01 4.0E+01
_ .. . _.... _. _•.•_

Strontium 3.IE+01 4.8E+03

Sulfate 7.1E+03 -

TFtalliutn 5.4E+B0 5.8E-01

Yazt^tliutu 3 9E i 02 5_6E i flS

Zinc .2}~^036 Z.4E+fl3

Radionuclides (pCi/g) (pCi/g)

Arstericiu^-241 3.4E-I^01 2.8E-01

?3^rium I40 4 7.8R^1}3

$eryiliuttt 7 9.Olr+OT 2_SE EI2

: Earbtrn 14 &.4E+02 $.4Etfli

5T-5c
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Table 5-5. Comparison of Maximum Soil Contaminant Concentrations
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Table 5-5. Comparison of Maximum Soil Contaminant Concentrations
to Risk-Based Screening Concentrations and ARARs. (Sheet 5 of 5)
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Table 5-6. Risk-Based Screening Concentrations for Groundwater Pathways.

Contaminant

Constituents

Chromium

Selenium

4.8E-04

NA

r__ ,.

_.k

RBC

oxicity values used to calculate RBCs are provided in Table 5-1.
RBC = Risk-based screening concentration
NA = Not applicable
Minimum RBC for each contaminant is shaded.
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Table 5-7. Comparison of Predicted Groundwater Contaminant Concentrations to
Risk-Based Screening Concentrations and ARARs.

Predicted Minimum Risk-Based
Contaminant Groundwater Concentrationb Minimum ARARc

Concentrationa

Radionuclides

aFrom Table 4-11.
bFrom Table 5-6.
CFrom Tables 7-3 and 7-4.
-= quantitative toxicity values not currently available.
Note: Shading indicates contaminants for which the predicted groundwater concentration
exceeds a risk-based screening concentration and/or ARAR.

5T-7



THIS PfV'^^
^,:..: t^INTIONALLY

ilillf BLANK



DOE/RL-93-99, Rev. 0

Table 5-8. Contaminants of Potential Concern in Soils. (Sheet 1 of 3)

Contaminant
Maximum Contaminant

Concentrationa

Organic Compounds (mg/kg)

Aroclor-1248 I.OE+01

Aroclor-1254 6.4E+00

Aroclor-1260 2.3E+00

Benzo(a)anthracene 1.8E+00

Benzene 1.9E-01

Benzo(a)pyrene 2.7E+01

Benzo(b)fluoranthene 2.4E+00

Benzo(k)fluoranthene 7.6E-01

Bis(2-ethylhexyl)phthalate 3.3E+01

Chloroform 8.OE-02

Chrysene 4.3E+01

Dibenzo(a,h)anthracene 1.7E+00

Dieldrin 2. lE-02

Indeno(1,2,3-cd)pyrene 1.6E+00

Methylene chloride 4.5E+00

Pentach I o ropheno I 1. 5E+ 00

Trichloroethene 3.9E-01

Vinyl chloride 2.4E-02

Inorganic Constituents (mg/kg)

Aluminum 7.8E+04

Ammonia 1.4E +02

Antimony 1.9E+01

Arsenic 6.2E+01

Barium 4.3E+03

Beryllium 4.7E+00

Cadmium 2.9E+01

Chromium 2.5E+03

Copper 9.5E+04

Lead 7.5E+02
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Table 5-8. Contaminants of Potential Concern in Soils. (Sheet 2 of 3)

Contaminant
Maximum Contaminant

Concentrationa

Manganese 3.IE+03

Mercury 3.7E+01

Nickel 1.8E+03

Silver 3.6E+02

Thallium 5.4E+00

Vanadium 3.9E+02

Zinc 6.2E+03

Radionuclides (pCi/g)

Americium-241 3.4E+01

Ba ium-140 4.0E+02

Beryllium-7 9.OE+01

Carbon-14 6.4E+02

Cerium-141 3.0E+00

Cerium-144 5.0E-01

Cesium-134 5.6E+01

Cesium-137 1.1E+05

Chromium-51 3.5E+00

Cobalt-58 1.4E+01

Cobalt-60 t 1 F+nd

Europium-152 2.9E+04

Europium-154 9.2E+03

Europium-155 9.6E+03

Iron-59 1.0E+00

Manganese-54 7.OE-02

Nickel-63 6.2E+04

Plutonium-238 1.4E+02

Plutonium-239/240 2.8E+03

Radium-226 4.3E+01

R^uh°^' uw••T '. J3u ^u1 1.0E+00

ST_R4.
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Table 5-8. Contaminants of Potential Concern in Soils. (Sheet 3 of 3)

Contaminant
Maximum Contaminant

Concentrationa

Sodium-22 9.9E+00

Strontium-90 2.0E+03

Thorium-228 I .7E+01

Thorium-232 3.5E+00

Tritium 2.9E+04

Uranium (total) 2.OE+04

Zinc-65 3.OE-01

Zirconium-95 5.6E-01

aFrom Tables 3-8, 3-9, and 3-10.
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Table 5-9. Contaminants of Potential Concern in Groundwater.

Contaminant
Predicted

Groundwater
Concentrationa

Inorganic Constituents (mg/L)

Antimony 3.9E+01

Arsenic 6.OE+01

Chromium (VI) 6.0E+01

Fluoride 6.OE+01

Nitrite (as N) 6.1E+00

Selenium 2.4E+01

Radionuclides (pCi/L)

Carbon-14 1.3E+06

Technetium-99 2.3E+03

Uranium (total) 1.1E+03

aFrom Table 4-11.
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6.0 RISK ASSESSMENT

The risk assessment presented below evaluates potential adverse effects that could be
associated with contaminants that may be disposed of in the ERDF. Only those risks that could
potentially occur following completion of the ERDF (i.e., long-term risks) are evaluated in this
chapter. Worker and public risk associated with construction and operation of the ERDF is
discussed in Chapter 9. The primary focus in this chapter is risk associated with the "base
conditions" scenario, that is, a reasonable worst case scenario. The base conditions scenario
utilizes the following assumptions:

• The waste is characterized by the maximum concentrations detected in
---- ------ -------- - 100, 200, and 300 Area waste units that may generate remediation waste

for placement at the ERDF;

_,__^ • The waste is untreated;
.... ^
^,^, • The ERDF is an unlined trench and the infiltration rate through the

waste is a conservatively high 0.5 cm/yr;

Zr- • The cover does not prevent inadvertent exposure to contaminants.

This set of "base conditions" does not incorporate any of the protective features of the design
alternatives. Therefore, the risks presented in this chapter are not actual risks that any receptor
population would experience. The results of the evaluation presented in this chapter are used to
identify adequate design alternatives. In addition, the toxicity and exposure information
presented in this chapter is further used to evaluate the remedial alternatives (see Appendix A
and Chapter 9) and define acceptable soil and leachate concentration limits for waste placed in
uic nwr kace nppanuix Q.

Figure 6-1 outlines the organization of this chapter. Human exposure to groundwater
under base conditions is evaluated in Section 6.1. (Human exposure to groundwater given
conditions associated with each of the remedial alternatives is evaluated in Appendix A and
summarized in Chapter 9). Inadvertent intrusion and exposure of human and other ecological
receptors to contaminated soils under base conditions are evaluated in Section 6.2. The
information presented in Section 6.2 is expanded Section 6.3 to provide an evaluation of the
inadvertent intrusion scenario for the remedial alternatives. Because all the alternatives (except
the no-action alternative) include a barrier that is at least 4.6 m(15 ft) thick, the intrusion
scenario for the remedial alternatives assumes contact with the waste occurs due to drilling
through the waste 500 years after closure of the ERDF.

6.1 HUMAN HEALTH EVALUATION OF GROUNDWATER EXPOSURE

Infiltration and leaching of contaminants from the ERDF to groundwater would be
expected to occur if the ERDF were an unlined trench without a low-infiltration surface barrier.
Exposure to groundwater contaminants would occur if a person installed a groundwater well and
used groundwater without testing for contamination. For this evaluation, exposure to
contaminated groundwater is only evaluated for human receptors; use of contaminated
groundwater for crops or livestock is assumed not to occur.

6-1
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6.1.1 Human Exposure Assessment

6.1.1.1 Conceptual Model. In accordance with the Tri-Party Agreement negotiations (Ecology

et al. 1993), this risk assessment evaluates exposure to groundwater via a well installed at the
edge of the ERDF. All contaminants are evaluated for 10,000 yr. Groundwater COPC are
identified and discussed in Chapter 5.0, and are listed in Table 5-9. Groundwater

concentrations used to characterize these contaminants are based on maximum detected soil
rnnrentratiotyq.

Human use of groundwater is assumed to be for residential purposes. Exposure
padiways are those stipulated in HSBRAM (DOE-RL 1993j) for evaluation of in-home
groundwater use. These pathways are groundwater ingestion, and dermal absorption while
showering. Dermal absorption is evaluated only for non-radioactive contaminants. Dermal

uptake- is-generally--not an-important-route of uptake f'or-radionuclides, which have s..,all skin
permeability coefficients (EPA 1989a). External exposure to radionuclides due to immersion in
water is not evaluated because of the short durations of exposure. None of the groundwater
COPC are volatile, so a volatile inhalation pathway is not evaluated.

All exposures are evaluated assuming residential exposure parameter values specified in
HSBRAM (DOE-RL 1993j). Use of a residential scenario is only appropriate if institutional
controls are lost. Institutional controls are assumed to be lost 100 yr after the ERDF begins
receiving remediation waste in 1996 (Ecology et al. 1993). The first contaminant is estimated
to reach groundwater in 520 years (see Table 4-11). Therefore, institutional controls are
assumed not to prevent exposure to groundwater contaminants in the future.

6.1.1.2 Quantification of Human Exposures. The exposure assessment provides quantitative

exposure-factors-for the pathways that have been identified for the receptor population. An
exposure point concentration (i.e., a contaminant concentration to which a receptor is subjected
over the exposure period) is combined with exposure parameters (e.g., contact rate, body
weight, and exposure frequency) to determine intake. Exposure point concentrations are
predicted groundwater concentrations based on maximum detected soil concentrations (see
Chapter 4). The following sections describe the assumptions and calculations used to quantify
exposure intakes for the residential receptor population.

-6.1.1.2>1 - Inta6ce-Fquations. _Standard-FPA-equations, as psDvided in Rick Asceccment

Guidance for Superfund (RAGS) (EPA 1989a) and HSBRAM (DOE-RL 1993j), are used as the
basis for all intake calculations. Intakes of non-radioactive and radioactive contaminants are
calculated and presented separately.

------ ---- ------ --Nort-Radi4activ-a-Cgntaminants.---The-basic-e4uatinn for r-.alr-.ulating intakes of non-radioactive
contaminantc via Qrnundwater investinn ic•---- -- -_- .-- ^---------' '--_---'---'-'

intake=
CxIRxEFxED 6-1

BW x AT

where:

Intake = chronic daily intake of the contaminant (mg/kg-d)
C = contaminant concentration in the medium (mg/L)
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IR = contact rate (L/d)
EF = exposure frequency (d/yr)
ED = exposure duration (yr)
BW = body weight (kg)
AT = averaging time (yr x 365 d/yr)

Intake equation 6-1 may be used to calculate the absorbed dose resulting from dermal
exposure to contaminated groundwater. In this case, the calculated value is an absorbed dose
(i.e., the amount entering the bloodstream). Although it uses the same units, this is different
from the intake calculated using equation 6-1, which is the amount ingested (i.e., an
administered dose). To calculate the absorbed dose resulting from dermal exposure to
contaminated groundwater, the contact rate is determined as follows:

IRd^ = SA x KP x ET x CF 6-2

where:

IR,,^, = groundwater/dermal exposure contact rate (L/d)
SA = skin surface area available for contact (cmZ)
KP = chemical-specific permeability coefficient (cm/hr)
ET = event time (hr/d)
CF = conversion factor (1L/1000 cm')

The dermal exposure contact rate is inserted into Equation 6-1 to yield the intake value
for the dermal pathway. See Section 6.1.1.2.2 for a description of the chemical-specific
permeability coefficients (KP) used in this evaluation.

Radioactive Contaminants. The quantification of exposures to radioactive contaminants
requires a separate treatment. The units used to express environmental concentrations of
radioactive and non-radioactive contaminants are different. Unlike non-radioactive
contaminants, intake estimates for radionuclides should not be divided by body weight or
averaging-time: T,nstead,-the-calculated-intakes zepresent-radianuciide activity ingested over the
exposure duration.

The basic equation for calculating intakes of radioactive contaminants via groundwater
ingestion is:

Intake = C x IR x EF x ED 6-3

where:

Intake = radionuclide-specific lifetime intake (pCi)
C = radionuclide concentration in the medium (pCi/L)
IR = contact rate (L/d)
EF = exposure frequency (d/yr)
ED = exposure duration (yr)
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6.1.1.2.2 Calculation of Contaminant Intakes. All exposure parameters (e.g., body
weight;--averaging-t'une,-contact-rate, exposure frequency, and exposure duration) presented
below are those recommended by HSBRAM (DOE-RL 1993j). These exposure parameters have
been specifically developed for a residential population, and are used to evaluate the
groundwater ingestion and dermal exposure pathways. Exposure parameters for the
noncarcinogenic, carcinogenic (non-radioactive), and radioactive contaminants are summarized
in Tables 6-1, 6-2, and 6-3, respectively.

Contaminant intakes are calculated by combining exposure parameters presented in
Tables 6-i through 6-3 and intake Equations 6-i and 6-3. Example calculations of this process
are provided in Appendix D of the Hanford Site Risk Assessment Methodology (HSRAM,
Rev. 3) (DOE-RL 1994c).

It is noted that the exposure factors listed in Tables 6-1 through 6-3 can be combined to
provide a single numeric value called a summary intake factor. The summary intake factor is-"-
specific for e,ch exposure_pathway, exposure sr_.Pnario, and class of contaminant. The only
parameter from Equations 6-1 through 6-3 that is not included in the summary intake factor is
the contaminant concentration, such that the intake equations can be rewritten as follows:

"j

Intake = C x Summary Intake Factor 64

where:

Intake = contaminant intake [mg/kg-d (non-radioactive) or pCi (radioactive)]
C = contaminant groundwater concentration [mg/L (non-radioactive) or

pCi/L (radioactive)]

Associated summary intake factors have units of L/kg-d (non-radioactive) or L
(radioactive). Summary intake factors for each of the exposure scenarios are provided in Table
6-4. These are multiplied by groundwater concentrations provided in Table 5-9 to provide
intake values. Intake values for groundwater ingestion and dermal exposure pathways are
provided in Tables 6-5 and 6-6, respectively.

Summary intake factors for dermal exposure require the use of constituent-specific
permeability coefficients, KP. Permeability coefficients are provided in EPA (1992b).

-- - Howeven- KP -values--have-not been-developed- for all constituents. The- EPA report indicates that
the inorganic contaminants listed in Table 6-6 can all be characterized by the same KP (1x10'
cm/hr).

6.1.2 Human Health Toxicity Assessment

The purpose of the toxicity assessment is to identify the potential adverse effects
associated with exposure to site-related contaminants and to evaluate, using numerical toxicity
values, the likelihood that these adverse effects may occur. The toxicity assessment for this risk
assessment is conducted in accordance with RAGS (EPA 1989a) and HSBRAM (DOE-RL
1993j).
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Toxicity information on chemicals and radionuclides is available in the on-line database,
Integrated Risk Information System (IRIS, EPA 1993a), Health Effects Assessment Summary
Tables (HEAST, EPA 1993b), the Agency for Toxic Substances Disease Registry (ATSDR)
Toxicological Profiles, and the scientific literature. Toxicological profiles for the contaminants
of potential concern for the ERDF are presented in appendices of operable unit-specific remedial
investigation reports (e.g., DOE-RL 1993e,f,g).

6.1.2.1 Toxicity Information for Noncarcinogenic Effects. Systemic toxic effects other than
cancer can be associated with exposures to both chemicals and radionuclides. The RfD is the
toxicity value which is used to evaluate the noncarcinogenic effects resulting from exposure to
toxic chemicals. The RfD has been developed on the premise that protective mechanisms exist
that must be overcome before an appreciable risk of adverse health effects is manifested during
a defined exposure period. That is, there is a threshold dose which must be exceeded before
adverse effects can occur. The RfD is developed for a specific duration of exposure (e.g.,
subchronic and chronic exposures), and the route of exposure (i.e., inhalation and ingestion).

Chronic exposure is defined in RAGS (EPA 1989a) as a repeated or prolonged exposure
(i.e., from seven years to a lifetime). The chronic RfD is a daily exposure level that is likely to
be without an appreciable risk of deleterious effects from lifetime exposure to the general

` population, including sensitive subpopulations. For purposes of this risk assessment, the
chronic RfD is utilized to evaluate noncarcinogenic effects that may be associated with potential
exposure to the chemicals of potential concern at this site.

Carcinogens may also have systemic effects other than cancer. Carcinogens are also
evaluated for potential noncarcinogenic toxic effects and are included in the determination of
chronic toxicity hazard indices which characterize noncancer hazards. Carcinogenic effects,
however, are usually manifested at levels that are significantly lower than those associated with
systemic toxic effects; thus, cancer is usually the predominant adverse effect for contaminants
that elicit carcinogenic as well as noncarcinogenic responses. Exposure to radionuclides need
not consider acute toxicity effects because the quantities of radionuclides required to cause

--- -- ---- - -- ------ adverse- effectsfromacute-exposure are extremely-large, and suctrlevels-wiil not be encouniered
via groundwater exposure.

Two chronic toxicity parameters that are used in establishing RfDs are the lowest-
observed-adverse-effect levels (LOAELs) and the no-observed-adverse-effect levels (NOAELs).
The LOAEL may be defined as the lowest exposure level at which there is a demonstrated
statistically and/or biologically significant increase in adverse effects between the exposed
animal population and the control group in a toxicological study. The NOAEL is the exposure
level at which there are no demonstrated adverse effects in a dose-response toxicity study.
Uncertainty factors in multiples of 10 may be further applied to the reported NOAELs or
LOAELs in order to adjust for data limitations, and for differences between experimental animal
exposure conditions and human exposures (National Academy of Science 1977). These factors
are intended to account for inherent variability in human responses to chemical agents, and for
general imprecision in extrapolating from laboratory animals to humans.

Table 6-7 summarizes the noncarcinogenic toxicity values (i.e., RfDs) for the
groundwater contaminants of potential concern. Also presented in this table are the
corresponding critical effects, confidence level in the RID, and the uncertainty and modifying
factors used in the development of each RfD.
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6.1.2.2 Toxicity Information for Carcinogenic Effects. Potential human carcinogenic effects
are evaluated using contaminant-specific SFs and the weight-of-evidence classification of the
EPA. The weight-of-evidence classification is a qualitative description of the probability of
cance-r-occurrence in humanns,based onthestrength of hilman epideminingical and/or animal
study data. This system, originally developed by the International Agency for Research on
Cancer (IARC), has been slightly modified by the EPA (1986). Carcinogens are classified by
the EPA according to the following weight-of-evidence categories:

• Group A - Human Carcinogen
There is sufficient evidence from epidemiological studies that
substantiates a causal association between exposure and carcinogenicity
in humans.

• Group B1 - Probable Human Carcinogen
-LLy There is limited evidence of carcinogenicity in humans from available

epidemiological data.ti.a

• Group B2 - Probable Human Carcinogen
There is sufficient evidence of carcinogenicity in animals, but inadequate

^'ry or no evidence in humans.

`'' • Group C - Possible Human Carcinogen
--- ---- ------------------ -- ------- r'k.-. i° limited ^ridence of carcinogenicity in animals.

• Group D - Not Classifiable as to Human Carcinogenicity
The evidence for carcinogenicity in animals and humans is inadequate to
support classification.

• Group E - Human Noncarcinogen
There is evidence of noncarcinogenicity in humans.

6.1.2.2.1 Non-Radioactive Substances. The SF is the toxicity value that quantitatively
defines the dose-response relationship of a known or suspected carcinogen. The SF is an
estimate of an upperbound lifetime probability of an individual developing cancer due to chronic
exposure to a potential cancer causing agent. In this evaluation, arsenic is the only non-
radioactive COPC,for which EPA assigns a unit risk of 5x10-' (µg/L)-`. This unit risk can be
converted into a slope factor [2 (mg/kg-d)''] by dividing by an ingestion rate of 2 L/d, and
multiplying by a body weight of 70 kg and the appropriate conversion factor (10' gg/mg). The
unit risk for arsenic is based on a maximum likelihood estimate (not a 95 % upper confidence
limit) and the use of an absolute-risk linear dose extrapolation model. The Carcinogen
Assessment Group of the EPA has developed SFs for carcinogens based on the premise that
there is no threshold or level of exposure below which carcinogenic effects will not be elicited.

Table 6-8 presents the carcinogenicity weight-of-evidence classifications and the SFs for
the ingestion exposure route for non-radioactive contaminants of potential concern. Group D
and E contaminants are not considered carcinogenic, and are not included in this table.

6.1.2.2.2 Radioactive Substances. Cancer induction is the only health effect being
evaluated resulting from exposure to environmental radioactive contamination. Systemic toxic
effects occur only following relatively high doses of radiation that are not typical of
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environmental exposure. Uranium is known to cause toxic effects that are associated with its
chemical (not radiological) characteristics. The proposed MCL for uranium (30 pCi/L) is based
on the chemical effects of uranium. This concentration is noted as an ARAR in Table 7-3.
According to EPA (56 FR 33050), this proposed MCL is associated with an ICR of 2x10'S
(assuming an ingestion rate of 2 L/d for 70 yr). However, while nephrotoxic effects are a
threshold response, cancer induction is assumed to have no threshold. For this reason, the
potential for cancer induction remains a concern (with a risk greater than lx10') even when the
threat of nephrotoxic effects is negligible. Therefore, carcinogenic potential of uranium is
considered the primary health effect of concern because carcinogenesis remains a concern at
concentrations that are below the threshold for toxic effects of uranium.

Chemical toxicity associated with other radionuclides is not a concern because it is far
outweighed by the estimated radiological hazards. The mass of most radionuclides associated
with high radiogenic cancer risk levels are so exceedingly small that they are unlikely to pose a
chemical hazard. For example, the total activity of strontium-90 associated with a 1x10' cancer
risk (from ionizing radiation) via residential scenario soil ingestion is approximately 3 µCi.

^...., This is the equivalent of 2x10'g g of strontium-90. In terms of chemical hazard, this mass of
strontium is associated with a hazard ouotient of 3xtn-10,

>'f Currently, the EPA classifies all radionuclides as Group A (human) carcinogens due to
^:- their property of emitting ionizing radiation. Other low dose and low dose rate effects (such as

mutagenesis, teratogenesis, and life shortening) have a quantifiable probability of occurrence,
but the risk of cancer appears to be the limiting health effect (EPA 1989b). The SFs for
radionuclides are individually determined by the EPA, based on the unique chemical, metabolic,
and radiological properties of each radionuclide.

Many radionuclides have radioactive daughters that are expected to be in equilibrium
with their respective parent. For this risk assessment, the radionuclides evaluated in this report
account for the contribution of these daughter products, using the techniques provided in
HEAST (EPA 1993b). Daughter products in general have different chemical properties than
their parent nuclides, and are not always expected to be in equilibrium as they migrate through
environmental media. In this evaluation, the only radioactive contaminants of potential concern
with radioactive daughter products are isotopes of uranium. Most of the radioactive daughters
accounted for in the "+D" slope factors for uranium have half-lives less than 1 day (maximum
half-life is 24 days), such that the assumption of equilibrium does not contribute to an
overestimate of risk.

Radionuclide-SFsrgpresent best e,stitnates (i.e., median or 50% confidence limit values)
of excess cancer risk in a population per unit intake or exposure during a 70-year lifetime. As
with non-radioactive carcinogens, a non-threshold dose is assumed in the evaluation of
carcinogenesis related to potential exposure to radionuclides.

Table 6-8 summarizes the carcinogenicity weight-of-evidence classification and the SFs
for the ingestion exposure pathway for radioactive groundwater contaminants of potential
concern.

12.3 Adjustment of Toxicity Factors. There are currently no toxicity values specifically
developed for evaluating dermal exposures. As a result, current risk assessment guidance
suggests deriving dermal toxicity values from oral toxicity values. This results in significant
uncertainty (see Section 6.1.4.4). For the purpose of this risk assessment, oral RfDs and SFs
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are adjusted in accordance with RAGS (EPA 1989a). Oral toxicity values are generally
appropriate for evaluating administered doses (i.e., intake-based). However, dermal intake

----------- ----- - calculatiotL (see $eCtion-5.-1.1.2_1)nrnviAP ahcnrhnri ripses. Tllerefore, oral toxicity values arer... . -__ " ............. d

adjusted (from admlmstrateon-basis to absorbed-basis)-by-accounting for the oral absorption
fraction of each contaminant. The oral, or gastrointestinal (GI), absorption fraction is the
fraction of an orally administered dose that crosses from the GI tract into the bloodstream. This
adjustment is made only for non-radioactive contaminants. _Dermal exposure to radionuclides is
not evaluated due to their small skin permeability coefficients (EPA 1989a).

Toxicokinetic information from the available literature is generally used to determine the
extent of GI absorption for non-radioactive contaminants of potential concern. An appropriate
GI absorption fraction (expressed as fraction absorbed) is identified, and the factor is applied to
the RtD and/or SF to determine the corresponding dermally adjusted toxicity value. Oral RfD
values are adjusted by multiplying by the GI absorption fraction, while SF values are adjusted

;.r ; by dividing by the GI absc.rtic.^, fractic;..

=' -? In the case of inorganic compounds, the available information in the literature suggests
that-GI absorptionefficiencies-for these chemicals are ;Yically in the range of 1% to 10%.
Gastrointestinal absorption is likely to be affected by such factors as chemical form, physical

p-` state of the com ound (e.g.,p solid or solution), particle size, dosing regimen, age, and diet. In
general, the degree of absorption in humans is independent of the exposure level.

.f-T^•.

T2ble 6-9 presenu ihe dermaily adjusted Rius and SFs for contaminants of potential
concern, including the corresponding GI absorption fractions.

--- ----------^^--^ 6.1.3 tiutnart riealth lCisk l:haracteriZation

The information from the exposure assessment and the toxicity assessment is integrated
to form the basis for the characterization of risks and human health hazards. The risk
characterization presents quantitative and qualitative descriptions of risk.

6.1.3.1 Quantification of Noncarcinogenic Effects. Potential human health hazards associated
with exposure to noncarcinogenic substances, or carcinogenic substances with systemic

_-t9xicities, are-evalnated$epar$tel-y from-Carrinnornir riclrc, The daily intake over a specifieda_.._

time period (e.g., lifetime or some shorter time period) is compared with an RfD for a similar
time period (e.g., chronic RfD or subchronic RfD) to determine a ratio called the hazard
quotient (HQ). Estimates of intakes for this risk assessment are based on chronic exposures.
The nature of the contaminant source precludes short-term fluctuations in contaminant
concentrations that might produce acute or subchronic effects. The formula used to estimate the
HQ is:

HQ
=

Intake 6-5
RfD
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where:

HQ = hazard quotient
Intake = contaminant chronic daily intake (mg/kg-d)
RfD = chronic reference dose (mg/kg-d)

If the HQ exceeds unity, the possibility exists for systemic toxic effects and the
contaminant is considered a contaminant of concern (COC). The HQ is not a mathematical
prediction of the severity or incidence of the effects, but rather is an indication that adverse
effects may occur, especially in sensitive subpopulations. It should be noted that due to the
conservative bias in the analysis (see Section 6.1.4) a HQ greater than 1 may not result in
systemic toxic effects.

.;^;.

^-°^

Table 6-7 lists the contaminants of potential concern that are evaluated for systemic
toxicity. Only ingestion RfDs are presented; an inhalation pathway is not evaluated because
none of the COPC are volatile. Dermal RfDs are presented in Table 6-9.

Hazard quotients for the groundwater ingestion and dermal exposure pathways are

presenteE in'Fables-6 5attd-6-5; respectlvely. These tables indicate that the largest HQ is

ixiv , which is associated with ingestion of arsenic.

The hazard quotients for the ingestion and dermal pathways may be added to provide a
total HQ for each inorganic contaminant. These values are presented in Table 6-10. All six
inorganic constituents (antimony, arsenic, chromium VI, fluoride, nitrite, and selenium) have
hazard quotients greater than 1. These contaminants are considered contaminants of concern,
and are used in the evaluation of ERDF design alternatives.

The HQs may be added together to provide a hazard index (HI) for all of the systemic
toxins. However, it is only appropriate to add HQs for contaminants that produce similar
adverse effects because the effects associated with such contaminants are assumed to be additive.
In contrast, it is not appropriate to add the HQs for contaminants with different effects. For
example, the HQs for arsenic and antimony should not be added together because the critical
effect for arsenic is hyperpigmentation (i.e., blackfoot disease), while the critical effect for
antimony is reduced lifespan and disturbances in glucose and cholesterol metabolism. Based on
the critical effects presented in Table 6-7, none of the HQs should be added together. Instead,
each HQ (presented in Table 6-10) should be examined separately.

6:1c3.2--Qtrarttifiration of Carcinogenic Risk. For carcinogens, risks are estimates of the
likelihood of an individual developing cancer over a lifetime [i.e., lifetime incremental cancer
risk (ICR)] as a result of exposure to a potential carcinogen. The SF converts an intake value,
asderi_vedin theexposure assessment, rot.heestimated lifetime incremental risk of an individual
developing cancer. The equation used to estimate cancer risk ic;

ICR = Intake x SF 6-5

where:

ICR = lifetime incremental cancer risk
Intake = contaminant intake [mg/kg-d (non-radioactive) or pCi (radioactive)]
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SF = slope factor [(mg/kgd)'' (non-radioactive) or (pCi)'' (radioactive)]

For non-radioactive carcinogens, intake values represent a daily intake averaged over a
lifetime of exposure. Intake values for radionuclides are defined to represent lifetime (not daily)
exposures. ICRs should be expressed using one significant figure only.

i .i

Risk estimates made using the above equation become increasingly inaccurate as they
approach-a-valueo€-1;- -This-is-be.,ause the stocha.,"tic nature of cancer induction implies that no
e,;.posure-level is high enough to en^°ure a^,^rcinogenic response (i.e., ICRs must have values
less than 1). It is stated in EPA ( 1989a) that this linear equation is valid only at low risk levels
(i:e., below-estimated risks of--1z10'2). For the pu ^, sw of this risk assessment, ICR values
that exceed ix10'Z are reported as "> 1x10'2". The ICR value calculated using the linear
equation is provided in parentheses. These values are not intended to represent accurate cancer
risk estimates; they are provided as an aid in determining the degree of risk reduction required
to reach an ICR level of interest.

The NCP [40 CFR 300.430(e)(2)(i)(A)(2)] states that acceptable exposure levels
represent an excess upper bound lifetime cancer risk of between 10' and 10r6. The 1& risk
level is considered a point of departure for determining remediation goals when ARARs are not
available or are not considered sufficiently protective. Thus, cancer risks of 101 or less are
considered insignificant for regulatory purposes. A contaminant for which the ICR value
exceeds 1x10'6 is considered a contaminant of concern (COC).

Table 6-8 lists the contaminants of potential concern that are evaluated for
carcinogenicity and their associated SFs. Only ingestion SFs are presented; an inhalation
pathway is not evaluated because none of the COPC are volatile. Dermal SFs are presented in
Table 6-9.

ICRs for the groundwater ingestion and dermal pathways are presented in Tables 6-5
and 6-6, respectively. ICRs for these pathways may be added to provide a total ICR for each
contaminant. These values are presented in Table 6-10, which indicates that the largest ICR
(1x10°) is associated with ingestion of arsenic and is greater than 1x10'1. Four contaminants
(arsenic, carbon-14, technetium-99, and total uranium) are considered contaminantsof concern
because each has a total ICR greater than 1xI0-6. Since it is assumed that cancer risks
_associated-ivith differens-contatttinancc are additive (i.e., ICRs may be added together), the total
ICR is greater than 1x10'1.

ICR values ideally represent risk associated with contamination, excluding background
levels of naturally occurring constituents. However, the predicted groundwater concentrations
(from which ICR values are calculated) are based on maximum detected soil concentrations
which include background concentrations. Hanford Site background soil data are currently
available only for non-radioactive, inorganic constituents (see Table 3-10). The average
background soil concentration (Table 3-10) represents a significant fraction of the maximum
detected soil concentration for arsenic (6%). Similarly, carbon-14 and uranium in soil represent
naturally occurring terrestrial radioactivity as well as contamination. Therefore, a significant
fraction of the groundwater risk may be attributed to the naturally occurring fraction of soil
constituents.
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6.1.4 Uncertainty Analysis

The risks, both noncarcinogenic and carcinogenic, presented in this assessment are not
probabilistic estimates, but instead are deterministic estimates given multiple assumptions about
exposures, toxicity, and other variables. This discussion focuses on the uncertainty surrounding
the projected risks and hazards due to uncertainty in these variables. Current EPA guidance
(EPA 1991b, EPA-10 1991) characterizes input parameters with single point values, not
probability distributions. As a result, the uncertainty associated with estimated health impacts

-----cartnot-bei'^n^ntife{^; .^.r'.ly a qnalitativ°c desCriptiGn of urcertainty is presented.

In order to compensate for the uncertainty associated with selecting single point values
to characterize input parameters, estimates used to characterize these parameters are often
conservatively biased. As a result, the risk estimates provided in this assessment represent a set
of assumptions which, as a whole, is extremely unlikely. For this reason, these risk estimates
do not represent actual exposure conditions, and may even exceed reasonable bounding

estimates. Therefore, HQ values less than 1 and ICR values less than lx101 are expected to
actually be much smaller, and do not require further treatment in the uncertainty analysis. HQ
values greater than I and ICR values greater than 1x10-6 warrant further attention, and are
examined with respect to the conservative assumptions which inflate these risk estimates.

6.1.4.1 Uncertainty Associated with Identification of Contaminants of Potential Concern.
Contaminants are evaluated in the risk assessment if they are associated with an ICR greater
than 1x10-' or a HQ greater than 0.1 via preliminary screening of a residential scenario
groundwater ingestion pathway. Consideration of a volatile inhalation pathway is unnecessary
because none of the groundwater contaminants are volatile. This process by which COPC are
identified is designed to remove contaminants from consideration only if they pose an
insignificant hazard under any potential scenario. Therefore, one can be assured that the
contaminants that pose potential adverse health effects have been identified and carried through
the risk assessment.

The screening process described in Chapter 5.0 uses maximum detected contaminant soil
concentrations and associated predicted groundwater concentrations. Maximum values are used
rather than mean values or upper confidence limits to compensate for the lack of knowledge
about true contaminant conditions. However, maximum values may not represent bulk soil
concentrations. In some cases, maximum detected concentration refers to product inside of
drums (e.g., ammonia; Table 3-10), or residue inside of pipelines (e.g., cesium-137;

- - Table 34-8). Maximum concentrations are also likely to represent outlying data points that would
be dismissed as the result of an analysis of the whole data set. Because data sets are not 100%
validated, some maximum detects may represent erroneous data. Therefore, by using maximum
detected concentrations, it is likely that more contaminants are labeled COPC than are justified.

6.1.4.2 Uncertainty Associated with Environmental Transport. The most significant
conservative bias in fate and transport parameters for metals and radionuclides (no organic
compounds are identified as a contaminants of potential concern) is due to the assumed
solubilities. Tables 4-6, 4-7, and 4-8 provide contaminant-specific solubility values available in
the literature. Very little site-specific information was available regarding solubilities for metals
and radionuclides in 100 and 300 Area wastes. Consequently, it was necessary to rely on
general information in literature and to assume conservative values. In all likelihood, actual
solubilities for the specific chemical forms of the constituents of concern in 100, 200, and 300
Area wastes are much lower than the solubilities used in this analysis.
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The other significant sources of uncertainty are associated with Kd values and the
infiltration rate through the barrier. The uncertainty in K,'s are illustrated in Tables 4-2, 4-3,
and 4-4. The uncertainty in infiltration rate is discussed in section 4.1.2.1.

6.' d3 IJnex:t°. ..̂ty Associated with the Exposure Assessment. One of the greatest sources
of uncertainty associated with the exposure assessment is the choice of exposure point
concentrations. For this analysis, contaminants are characterized by the same maximum
detected soil concentrations (and associated predicted groundwater concentrations) used in the
risk-based screening process (i.e., Chapter 5.0). The conservative biases associated with these
concentrations are described in Section 6.1.4. 1. Because the maximum detected contaminant
concentrations do not reflect realistic estimates of contaminant conditions, the HQs and ICRs
provided in this chapter are not realistic estimates of risk.

It is assumed for this assessment that groundwater is used for in-home residential
purposes. Other uses of groundwater would be associated with different risk estimates. More
important, however, is the likelihood that groundwater would be used at all. Without
groundwater use there is no exposure and therefore no risk. For the purpose of this report, it is
assumed that groundwater exposure would occur; no evaluation of the likelihood of this event
has been accounted for. If the probability of residential use of groundwater were to be
quantified (e.g., there may be a 0.1 % chance that a person would install a well close to the
ERDF), tlten_theriskscould_be-adjustedtouccount-fnrthisgrobability(e.g., multtply.ng all
ICRs and HQs by a factor of 0.001).

Equally important is the number of potential groundwater users. Exposure parameter
values and toxicological data developed for risk assessment purposes are applicable to large
populations, not individuals. In addition, the importance of a risk value is different if it applies
to one person, several persons, or a large population. This report does not qualify the risks
with respect to the number of people that may be impacted; a contaminant is considered to be of
concern if the risk to one or more persons exceeds an ICR of lx10-b or HQ of 1.

Exposure parameter (i.e., body weight, averaging time, contact rate, exposure
frequency, and exposure duration) are represented by the estimates of reasonable maximum
exposure (RME) values as defined in the HSBRAM (DOE-RL 1993j), but may not reflect actual
future exposure conditions. In addition, the combination of RME values does not necessarily
result in a RME risk estimate. For example, the ingestion rate (IR) and exposure duration (ED)
parameters may be described by lognormal distributions with means of 1.1 and 15, and standard
deviations of 0.7 and 14, respectively. With these distributions, the 90th percentiles are 2 L/d
(IR) and 30 yr (ED). In the risk assessment, IR and ED are multiplied together, such that the
point estimate of this product is 60. However, the value of 60 represents the 97th percentile of
the product distribution. The risk assessment also uses several other biased parameter values,
such that the combination of these values yields a risk estimate which is likely to exceed the
99th percentile of the risk distribution.

The use of average (rather than RME) parameter values, as provided by EPA Region 10
(1991), could remove some conservative bias. For the residential groundwater ingestion and
dermal pathways, average intake values are approximately an order of magnitude lower than
Rivi>r values. Therefore, all of the risk estimates for groundwater exposure would be lower by
about an order of magnitude if average parameter values were used.
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6.1.4.4 Uncertainty Associated with the Toxicity Assessment. An understanding of the
degree of uncertainty associated with toxicity values is an important part of interpreting and
using these values. A high degree of uncertainty in the information used to derive a toxicity
value contributes to less confidence in the assessment of risk associated with exposure to a
contaminant.

The RfDs and SFs have multiple conservatively biased adjustments built into them (i.e.,
factors of 10 for up to four different levels of uncertainty for RfDs, and the use of an
upperbound estimate derived from the linearized multi-stage carcinogenic model for SFs) that
can contribute to overestimation of actual risk. For example, Table 6-7 indicates that an
uncertainty factor of 1,000 is used to derive the oral RfD for antimony from a NOAEL. For
this reason, EPA qualifies this RfD with a low confidence rating. Therefore, the HQ associated
with antimony (7x103, Table 6-10) should also be characterized as having a low confidence
level. The only contaminants of concern that have RfDs with a high confidence level are
fluoride (HQ = 60) and nitrite (HQ = 4).

One non-radioactive contaminant (arsenic) is evaluated for carcinogenic potential, and is
classified as a Group A (human) carcinogen. Arsenic exposure via drinking water is associated
with an increased prevalence of skin cancers in humans. However, the IRIS (EPA 1993a) file
on arsenic states that "in reaching risk management decisions in a specific situation, risk
managers must recognize and consider the qualities and uncertainties of risk estimates. The
uncertainties associated with ingested inorganic arsenic are such that estimates could be modified
downwards as much as an order of magnitude, relative to risk estimates associated with most
other carcinogens." Therefore, the arsenic SF, as well as ICR values, are also conservatively
biased. However, even if the arsenic ICR is adjusted downward by an order of magnitude, the
ICR value will still be > 1x10'1.

Although there is substantial evidence to indicate that exposure to ionizing radiation
causes cancer in humans, the scenarios upon which this assumption is based are largely acute,
external exposures. Sources of uncertainty specific to radionuclide carcinogenicity include the
following: the extrapolation of risks observed in populations exposed to relatively high doses,
delivered acutely, to populations receiving relatively low dose chronic exposures; estimates of
doses delivered to target cells from the inhalation or ingestion of alpha-emitters (e.g., isotopes
of uranium and thorium); and statistical variation in the human exposure data.

EPA classifies all radionuclides as Group A (human) carcinogens based on the fact that
they emit ionizing radiation. Studies have shown that uranium, like radium, accumulates
primarily in bone, and that bone sarcomas may result from radium ingestion (56 FR 33050,
notice of proposed rulemaking, National Primary Drinking Water Regulations for
Radionuclides).---Ilowever, siudies using natural uranium do not provide direct evidence of

-----carl:inogenis potential, and €xisting-hL'man-epidemi0;ogy data are inadequate to assess the
carcinogenicity of uranium ingested in drinking water. The remaining two radioactive
contaminants of concern (carbon-14 and technetium-99) are considered carcinogenic because of
their property of emitting ionizing radiation. However, the available information indicates that
there is inadequate evidence of carcinogenicity in humans associated with these specific isotopes
(56 FR 33050).

Radionuclide slope factors are the median (50th percentile) values of the slopes of their
respective dose-response curves. However, more than one dose-response curve can be
developed. The EPA ( 1989b) estimate of average lifetime risk attributable to exposure to
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ioni_zing radiation incorporates the most conservative model assumptions utilized by the
Biological Effects of Ionizing Radiation (BEIR) III Committee. Therefore, radionuclide SFs are
median values from conservatively biased dose-response curves. -Inaddition, the updated risk
estimates provided by BEIR V (NRC 1990) are qualified with the statement that "the possibility
that there may be no risks from exposures comparable to external natural background radiation
cannot be ruled out. At such low doses and dose rates, it must be acknowledged that the lower

-_Ilmst of ihe LangE-0f-unce*;atnty-In the-rlsk est:mat.°.$ °xteiad$ tv Zcru."

The uncertainty associated with absorption from dermal exposure is another significant
source of uncertainty that is reflected in the estimated risks associated with this pathway for

some contaminants. The lack of toxicity information to adequately determine RfDs and SFs for

dcrrrtal-exposures forces ext.-apolatio.^. from oral toxicity values, and compounds the uncertainty
associated with the calculations. it is a common practice in risk assessment to adopt oral RfDs
and SFs as the dermal toxicity values. In this risk assessment, dermal RfDs and SFs were
calculated by accounting for the GI absorption fraction. The uncertainty in this approach should
be emphasized. For example, the response to an oral dose may be significantly different from

the response to a dermal dose because the risk associated with point-of-entry (skin) effects for
locally acting toxicants cannot be estimated from oral toxicity data. Also, dermally applied
chemicals would not be subjected to "first-pass" hepatic metabolism prior to systemic
circulation, as is the case for orally administered compounds. Consequently, the application of

these oral dose-response relationships to dermal exposure doses is a source of a high degree of
uncertainty in the estimated potential health risk.

Uncertainty is also present in the overall toxicity assessment because of the route-to-
route extrapolation of toxicity values, and potential synergistic or antagonistic interactions of
substances. In spite of these uncertainties, it is expected that the contaminants of concern have
been adequately identified.

6.1.4.5 Uncertainty Associated with the Risk Characterization. Hazard quotients and risk
valuesptovidedby_risk_assessmentby themselves do not fully rhararreriW„> the health impacts
associated -with-environmental -contaminatio,r. --Sttch-a-quantitative evaluation must be understood
in light of the uncertainties presented above, and interpreted with respect to their significance.

Hazard quotients and cancer risks are calculated by combining multiple factors (e.g.,
contaminant concentrations, exposure parameters, toxicity values). In an effort to compensate
for the uncertainty and/or natural variability in these factors, single point estimates used to
characterize these factors are often conservatively biased. However, even if this bias for each
factor can be considered reasonable, the product of these factors is likely to far exceed a

• ' • •
m..m ow•.^^ n .L Gl. o f------ ^Easc.^.a ^ ma t...,,,.. exp ^«. ,^, assca„ug uie errect or mas in the select ion of parameter

values, the National Council on Radiation Protection and Measurements (NCRP 1985) notes the
following:

...substantial overestimation is expected when conservatism is applied in the selection of
each parameter in a deterministic model. For example, in a model composed of ten or
more multiplicative parameters..., the selection of only the 84th percentile for each
parameter results in a predicted value that exceeds the 99.9th percentile of the
distribution of model output.
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This means that the risk estimates presented in a deterministic risk assessment are
representative of a set of assumptions which, as a group, is extremely unlikely. Use of a more
realistic set of assumptions is likely to yield significantly lower risk estimates.

The significance of numerical results requires interpretation. Although a 10-6 cancer
risk may be considered insignificant, this does not imply that larger risks are necessarily
significant. The NCP [40 CFR 300.430(e)(2)(i)(A)(2)] states that acceptable exposure levels
represent an excess upper bound lifetime cancer risk of between 10' and 10'. In presenting the
quantification of carcinogenic risk (Section 6.1.3.2), contaminants and pathways are described if
their associated ICRs exceed 10'. However, this does not imply that ICRs greater than this
value are unacceptable.

6.1.5 Human Health Risk Characterization Summary for Groundwater Exposure

This section of the risk assessment evaluates the human health risks associated with
..^, exposure to estimates of potential future groundwater contamination caused by disposal of

wastes at the ERDF. A number of key assumptions upon which this analysis is based (e.g.,
N r,

conservative exposure point concentrations, residential scenario use of a groundwater well at the
(( r; edge of the ERDF facility) are not intended to represent actual site or exposure conditions. For
"c^..-.------- ----- • ..< L... 1.....-_J

in
. .

w ith----- ---- thts-reasatr-the rrslCValues prese.,,e d s„^^, A^ be used u, conjunction with r
.

^sks assoc i ated t
ERDF design alternatives as indicators of relative risk, not actual risk.

Pathways used to evaluate exposure are groundwater ingestion and dermal exposure
while showering. Non-radioactive contaminants are evaluated for both noncarcinogenic and
carcinogenic effects, as appropriate. Radioactive contaminants are evaluated only for their
carcinogenic potential.

The hazard quotients associated with each contaminant of potential concern are
presented in Table 6-10. The HQs are not summed to provide a hazard index because the
critical health effects are different. Six inorganic contaminants (antimony, arsenic, chromium,
fluoride, nitrite, and selenium) have HQs greater than 1, and are considered contaminants of
concern.

A summary of ICRs associated with contaminants of potential concern is also presented
in Table 6-10. Four contaminants (arsenic, carbon-14, technetium-99, and uranium) have ICRs
greater than 1x1V and the total ICR is greater than 1x10'1.

ICR values are calculated using soil concentrations which include naturally occurring
fractions. Average background concentration of arsenic represents a significant fraction of the
maximum detected soil concentration (6%). Carbon-14 and uranium are also present in
uncontaminated soils.

In order to compensate for uncertainty associated with selecting single point estimates to
quantify exposure conditions and toxicity characteristics, input parameters are often
conservatively biased. As a result, the risk estimates provided in this assessment do not
represent actual exposure conditions, and may even exceed reasonable bounding estimates. Risk
estimates must be accompanied by a description of the assumptions upon which they are based,
the uncertainties inherent in the input parameters, and the conservative biases employed to
compensate for these uncertainties. Without an understanding of these issues (see
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Section 6.1.4), the reader is likely to draw erroneous conclusions regarding the impact of ERDF
contaminants on groundwater.

Because this is a deterministic risk assessment, the uncertainty associated with these risk
estimates cannot be quantified. However, techniques for quantifying uncertainty in risk
assessment have been developed, and can be used to remove conservative biases and risk
management decisions from the risk assessment. Use of such techniques to evaluate impact of
ERDF contaminants on groundwater is likely to indicate that actual risks are much lower than
the estimates presented in this report.

6.2 RISK ASSESSMENT OF EXPOSURE TO CONTAMINATED SOILS

Section 6.2 provides an evaluation of possible human health and ecological risks
resulting from exposure to contaminated soils, assuming that the ERDF cover does not inhibit
thesezxposures. Inreality,eachERUF alternative is designed to inhibit inadvertent intrusion

r------- _-------by-humans;and elitpinate exposure-to non-hutYSaFt ecologicalreceotors. TherefVfef the results of
this section are only valid in the case of a design failure scenario in conjunction with a loss of
-institutioflal controis: This evaluation does not caicuiate or incorporate the likelihood of this
occurrence.

Institutional controls are assumed to exist at least 100 yr after the ERDF begins
receiving remediation wastes in 1996 (Ecology et al. 1993). Therefore, risks associated with
exposure to soil contaminants are adjusted for degradation and radioactive decay to indicate
potential risk in the year 2096. Risk are also calculated for the years 2496 (500 yr from ERDF
operation) and 11996 ( 10,000 yr from ERDF operation).

The only loss mechanisms accounted for in this analysis are radioactive decay and
degradation of organic contaminants. Contaminant loss via transport (e.g., leaching, erosion,
and volatilization) are assumed not to occur. Because the analysis of Section 6.1 is based on the
assumption that all contaminants eventually migrate to groundwater, the results of the
groundwaterexposureand soilexposure analyses should not he rnmhinpi.

This section evaluates only those risks that could occur following completion of the
ERDF (i.e., long-term risks). Worker risk associated with construction and operation of the
ERDF is discussed in Chapter 9. Short-term ecological effects are also discussed in Chapter 9.

6.2.1 Human Health Evaluation

Much of the risk assessment information provided previously in Section 6.1 is applicable
to the human health evaluation of exposure to contaminated soils. Such information is not
duplicated in this section; only methods and data specific to soil exposures are presented.

6.2.1.1 Human Exposure Assessment

6.2.1.1.1 Conceptual Model. Figure 6-2 illustrates the conceptual model for human
exposures to contaminated soils. The exposure pathways evaluated in this human health
evaluation are soil ingestion, dermal exposure, fugitive dust inhalation, inhalation of volatiles,
and external exposure to radionuclides. An evaluation of these pathways is expected to
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adequately identify risk-driving contaminants. For comparison purposes, risks associated with
produce ingestion pathway are calculated for strontium-90. Strontium-90 was chosen for this
analysis because it is a potentially important internal hazard, and the uptake of strontium by

------------ -- plants tends to-be relat.vely htg,i. D°criai absorption is evaluated only for non-radioactive
contaminants. Dermal uptake is generally not an important route of uptake for radionuclides,
which have small skin permeability coefficients (EPA 1989a).

All exposures are evaluated assuming residential exposure parameter values specified in
HSBRAM (DOE-RL 1993j). This scenario is intended to simulate an inadvertent intruder
scenario in which a person unknowingly removes the facility cover. Use of this scenario is only
appropriate if institutional controls are lost.

6.2.1.1.2Ouantification of Hum3rt Exposures. The reader is referred to Section-
6.1.1.2 for a description of the general methods associated with quantification of exposures.

Exposure Point Concentrations. An exposure point concentration is the contaminant
concentration in each media to which a receptor is assumed to be exposed. For the soil ingestion
and dermal exposure pathways, the exposure point concentration is the maximum detected soil
concentration for each contaminant (presented in Table 5-8). For the fugitive dust inhalation
pathway, contaminant air concentrations are calculated by dividing the maximum detected soil
concentration by a particulate emission factor (PEF) as follows:

C,°u x 6-6
C"` PEP

where:

C.j, = contaminant concentration in air [mg/m' (non-radioactive), pCi/m'
(radioactive)]

C,,;, = contaminant concentration in soil [mg/kg (non-radioactive), pCi/g
(radioactive)]

CF = conversion factor [1x10' g/kg (radionuclides only)]
PEF = particulate emission factor (m'/kg)

The PEF used in this evaluation (3.0x10' m'/kg) is based on the annual average for total
suspended particulates in the 200-W Area (33 µg/m'; Jaquish and Mitchell 1988). An important
conservative assumption associated with the use of a PEF is that all of the suspended particulates
originate within the ERDF, and are not diluted by dust blowing in from off-site. Another
assumption is that the percentage (by weight) of each contaminant in the dust is equal to its
percentage in the soil.

In addition to using the PEF approach, air concentrations of volatile contaminants are
calculated using a volatilization factor (VF). The air concentration is calculated using Equation
B-l, substituting the VF for the PEF. The VFs used in this evaluation are taken directly from
the original RIs or QRAs identified as the source of the maximum contaminant concentrations.
These VFs were also used in the risk-based screening process for soils (see Section 5.2). The
VFs are listed in Table 5-3.
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Intake Equations. Standard EPA equations, as provided in RAGS (EPA 1989a) and
HSBRAM (DOE-RL 1993j), are used as the basis for all intake calculations. Intakes of
non-radioactive and radioactive contaminants are calculated and presented separately.

Non-Radioactive Contaminants. Equation 6-1 (see Section 6.1.1.2.1) is the basic
equation for calculating intakes of non-radioactive contaminants via ingestion (e.g., soil and
water) or inhalation. In the case of soil ingestion, the contaminant concentration is in units of
mg/kg,-md-thecontact_rateis-inunitsofmgLd,1•nthecase nf_;r^ation /ofeit.her fi:gitiv_e dust
or volatiles), the contaminant concentration is in units of mg/m', and the contact rate is in units
of m'/d.

Equation 6-1 may be used to determine the absorbed dose resulting from dermal
exposure to contaminated soil by calculating the contact rate as follows:

IRd.. = SA x AF x ABS 6-7

:.:... ^

where:_m

IRd^ = dermal exposure contact rate (mg/event)
C' SA = skin surface area available for contact (mZ)

AF = soil-to-skin adherence factor (mg/cm2-event)
ABS = contaminant-specific dermal absorption factor (unitless)

The dermal expo-sure contact rate is inserted into Equation 6-1 to yield the intake value
for the dermal pathway. For the purpose of this risk assessment, it is conservatively assumed
that receptors do not wear protective clothing that would limit dermal exposures. A description
of the dermal absorption fraction (ABS) values used in this evaluation is provided in the
Calculation of Contaminant Intakes discussion.

Radioactive Contatninants, Equation 6-3 is the basic equation for calculating intakes
af radioactive contaminants via ingestion or inhalation. In the case of soil ingestion, the

-contam_inantconcentr_ation is-inunits of pCi/g,-and the-contact rate is in unEts of mg/d. In the--- -- -
case of inhalation (of fugitive dust), the contaminant concentration is in units of pCi/m', and the
contact rate is in units of m'/d. For biota ingestion, the contaminant concentration is in units of
pCi/g (wet weight), and the contact rate is in units of g (wet weight)/d.

Equation 6-3 may also be used to evaluate external exposures. In this case, the "intake"
bas-,tnits ofF(::yrlg, and represents thet'rne-a-receptoris in close proximity to a particular
radionuclide soil concentration. The "contact rate" is determined as follows:

IR^=ETxRFxCF 6-8
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where:

IR,n = external exposure contact rate (yr/d)
ET = exposure time (hr/d)
RF = dose reduction factor (unitless)
CF = conversion factor (1.14x10° yr/hr)

The external exposure contact rate is then inserted into Equation 6-3 to yield the intake
value for the external exposure pathway. A dose reduction factor is used to obtain a more
realistic estimate of external exposures by taking into account the effects of shielding while
:^.doors a.n.d grou.^.d rvughness.

Calculation of Contaminant Intakes. All exposure parameters (e.g., body weight,
averaging time, contact rate, exposure frequency, and exposure duration) presented below are
r_hose rero*.mnended by HSBRAM (DOE-RL 1993j). These exposure parameters have been
specifically developed for a residential population, and are used to evaluate the soil ingestion,
dermal exposure, inhalation (fugitive dust and volatiles), external radiation exposure, and biota
ingestion pathways. The parameters for the noncarcinogenic, non-radioactive carcinogenic, and
radioactive carcinogenic contaminants of potential concern are summarized in Tables 6-11, 6-12,
and 6-13, respectively.

Contaminant intakes are calculated by combining exposure parameters presented in
Tables 6-11 through 6-13 and intake Equations 6-1 and 6-3 (as modified by Equations 6-6 and
6-7). Example calculations of this process are provided in Appendix D of the Hanford Site Risk
Assessment Methodology (HSRAM, Rev. 3) (DOE-RL 1994c). Summary intake factors (see
Section 6,1,1,2-2) are nrnvided in Tahle 6-14.- r--'----

Summary intake factors for dermal exposure to soil require the use of
contaminant-specific dermal absorption factors (ABS). The ABS is the fraction of the
contaminant that crosses the skin and enters the bloodstream. ABS values are either assumed or
derived from the literature. Contaminants bound to a soil matrix are less dermally bioavailable
than pure or dilute solutions of contaminants applied directly to the skin. Specific information
on the dermal absorption of most of the COPC in this risk assessment is limited.

The use of an upper bound estimate of 6% as an absorption factor for PCBs based on
studies of 3,3',4,4'-tetrachlorobiphenyl is recommended in EPA (1992b). For the purposes of
this risk assessment, 6% is used as the ABS for all Aroclors.

Dermal Exposure Assessment (EPA 1992b) does not recommend ABS values for other
organic contaminants of potential concern. However, Hawkins et al. (1990) recommend ranges
of ABS values for different classes of constituents. The recommended ABS range for volatile
organics is 10 to 50%. For this risk assessment, all volatile COPC (i.e., benzene, chloroform,
methylene chloride, trichloroethene, vinyl chloride, and ammonia) are assumed to have an ABS
of 30%, based on the average of the low and high end values of the recommended range.

For semi-volatiles and pesticides, Hawkins et al. (1990) recommend an absorption
fraction range of 1 to 10%. For this risk assessment, the remaining organic COPC are
assumed to have an ABS of 5%, based on the average of the low and high end values of the
recommended range.

6-19



DOE/RL-93-99, Rev. 0

For metals, Hawkins et al. (1990) recommend an absorption fraction range of i to 10%.
EPA (1992b) recommends a range of 0.1 % to 1.0% for cadmium. For th is risk assessment, all
metais are assumed to have an ABS of 1%.

For the produce ingestiottpathway (evaluated for strontium-90), the contaminant
concentration in the edible portion of plants needs to be estimated. This is performed by
multiplying the strontium-90 soil concentration (2.0x1(Y pCi/g) by a plant uptake factor and dry
weightlwet weight conversion iataor. The uptake factor used for this analysis (0.25) is from
Baes et al. (1984), and is intended to represent uptake by fruits, seeds, and tubers. The dry
weight/wet weight conversion factor is 0.32. The result is a strontium-90 plant concentration of
160 p^i/g (wet). This concentration is multiplied by the summary intake factor for biota
ingestion (Table 6-14) to yield the produce intake value (Table 6-19).

43.'.'..3 Su:xttary of Human Assessment. Intake values are calculated by- -- . ^...a.. Ex
multiplying exposure point concentrations (see Section 6.2.1.1.2) by summary intake factors
(Table 6-14). Intake values for non-radioactive contaminants are provided in Tables 6-15 (soil
ingestion), 6-16 (dermal exposure), 6-17 (fugitive dust inhalation), and 6-18 (volatile

-_F_'?----- ------ ---- -- inhalation).- Intake values for radioactive cn_n_taninants are provided in Table 6-19 for all three
exposure pathways. All intake values represent current exposures. The analysis of future risks
is provided in Section 6.2.1.3. Actual future intakes (assuming an intrusion into contaminated
soils) would be smaller due to a variety of loss mechanisms (e.g., radioactive decay,

0w•, volatilization, contaminant degradation).

6.2.1.2 Human Health Toxicity Assessment. The toxicity assessment for this risk assessment
is conducted in accordance with RAGS (EPA 1989a) and HSBRAM (DOE-RL 1993j). The
reader is referred to Section 6.1.2 for a description of the general characteristics of a human
health toxicity assessment. Toxicological profiles for the COPC are presented in appendices of
operable unit-specific RI reports (DOE-RL 1993e,f,g).

Table 6-20 summarizes the noncarcinogenic toxicity values (i.e., RfDs) and the
corresponding critical effects for the COPC at the site. It is noted that the recommended
concentration level for ingestion of ammonia (as published in HEAST, EPA 1993b) is for
sensory threshold; it is not intended for use in the characterization of health risk. Table 6-21
presents the carcinogenicity weight-of-evidence classifications and the SFs for the ingestion,
inhalation, and external radiation exposure routes for non-radioactive and radioactive
1:onta.^.n.n.a.n.t,°. of potential cona:eri..

There are currently no toxicity values specifically developed for evaluating dermal
exposures. For the purpose of this risk assessment, oral toxicity values (RfDs and SFs) are
adjusted for evaluating dermal intakes. The reader is referred to Section 6.1.2.3 for a complete
discussion of the methods used to estimate dermal toxicity values. Table 6-22 presents the
dermal RfDs and SFs for COPC, including the corresponding GI absorption factors.

6.2.1.3 Human Health Risk Characterization. The information from the exposure
assessment and toxicity assessment is integrated to form the basis for the characterization of
humanhealth *+^lEs. "):7t=;isk characterization-pre.eEnts nnantitantive and quaiitative descriptions
of rtsk. The reader is referred to Section 6.1.3 for a more complete description of the methods
used in this risk characterization.
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The HQs and ICRs calculated using the intake values provided in Tables 6-15 through
6-19 represent risks assuming current residential exposure. The HQs and ICRs for each
contaminan t are_summed acrosspathways to provide contaminant totals. Current
non-radioactive contaminant HQ and ICR totals are provided in Table 6-23; current radioactive
contaminant ICR totals are provided in Table 6-24.

Table 6-19 indicates that the produce ingestion ICR for strontium-90 is approximately
fifty times higher than the soil ingestion ICR (5x11Y3 vs. 9x10-5). This indicates that a produce

------ -- ----- -- ---- isgestion-pathway-eould be the dor^inant risk pathway for strontium-90. See Section 6.2.1.4.2
for additional discussion on the expected importance of a produce ingestion pathway for other
contaminants.

HQ and ICR values are decay-corrected for 103 yr to provide future risk values
(assuming residential exposure to maximum concentrations) in the year 2096. The decay
correction is calculated for organic compounds, ammonia, and radionuclides. All loss
„-,a;hanisms are assumed to follow exponential decay, which is characterized by a half-life.

_ J Assumed half-lives of organic compounds are presented in Table 6-25. These are the same
half lives used in the groundwater transport model to account for contaminant degradation.

^£ Although ammonia is known to degrade to nitrate, a characteristic half-life was not found in the
literature. Ammonia was assumed to completely degrade within 100 yr. Metals are assumed
not to degrade. Radionuclide loss is assumed to be entirely due to radioactive decay. Table
6-25 presents half-lives and decay-corrected HQs and ICRs for non-radioactive contaminants.
Tabie 6-26 presents half-lives and decay-corrected ICRs for radioactive contaminants.

The HQ and ICR values are also decayed for 500 yr and 10,000 yr and are presented in
Table 6-27 for organic compounds, and in Table 6-28 for radioactive contaminants.

6.2.1.3.1 Quantification of Noncarcinogenic Effects. The HQs for future exposure
(summed across the soil ingestion, dermal exposure, fugitive dust inhalation, and volatile
inhalation pathways for each contaminant) are presented in Table 6-25 (for year 2096). Eleven
contaminants have estimated HQs greater than 1, and are considered contaminants of concern.
The COC are aluminum, antimony, arsenic, barium, chromium, copper, mercury, nickel,
silver, thallium, and vanadium. The highest HQ of any single contaminant is for copper
(HQ = 30). Assuming no loss mechanisms, the HQs at 500 yr and 10,000 yr are expected to
remain the same.

The HQs may be added together to provide a HI for all of the systemic toxins.
However, it is only appropriate to add HQs for contaminants that produce similar adverse
effects because the effects associated with such contaminants are assumed to be additive. In
contrast, it is not appropriate to add the HQs for contaminants with different effects. For
example, the HQs for copper and arsenic should not be added together because the critical effect
for copper exposure (GI irritation) is different than the critical effect for arsenic
(hyperpigmentation). Based on the critical effects presented in Table 6-20, the HQs for
antimony and thallium may be added (for a HI of 2). The HQs from the remaining
contaminants of concern should be examined separately.

6.2.1.3.2 Quantification of Carcinogenic Risk. ICRs for future exposure to non-
radioactive contaminants (summed across the soil ingestion, dermal exposure, fugitive dust
inhalation, and volatile inhalation pathways for each contaminant) are presented in Table 6-25
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(for the year 2096). Seven contaminants (four organics and three inorganics) have ICRs greater
than Ix106, and are considered contaminants of concern. These are Aroclor-1254,
Aroclor-1260, benzo(a)pyrene, benzo(k)fluoranthene, arsenic, beryllium, and chromium. The
largest ICR for a single contaminant is 4x10', associated with fugitive dust inhalation of
chromium (assumed to be chromium VI). It is assumed that cancer risks associated with
different contaminants are additive (i.e., ICRs may be added together). The total ICR for the
year 2096 is 1x10-'.

Table 6-27 indicates that in 500 yr and 10,000 yr only two organic compounds (both
PCBs) have ICRs greater than Ix10'. Adding the organic risks from Table 6-27 to the
inorganic risk from Table 6-25 indicates that the total ICRs in 500 yr and 10,000 yr are both
estimated to be 9x10°.

ICRs for future exposure to radioactive contaminants via soil ingestion, fugitive dust
inhalation, and external exposure are presented in Table 6-26 (for year 2096). An important
consideration for repositories of radioactive waste is the ingrowth of radioactive daughter
products. Ingrowth is a condition by which the concentration of a radionuclide temporarily
increases due to the decay of its parent radionuclide(s). For example, thorium-232 is the head
of the thorittm series, of which the decay products are relatively short-lived. Assuming no

---tnigrationo€thethorium-series members takes place, radioactive equilibrium will be reached in
about 60 yr. HEAST (EPA 1993b) does not provide a thorium-232+D slope factor to account
for this effect. Therefore, as shown in Tables 6-26 and 6-28, ICRs are calculated for the
radioactive daughters of thorium-232 (radium-228, thorium-228, and their associated subchains).
These radionuclides are expected to be in equilibrium with thorium-232 within 100 yr, such that
radium-228 and thorium-228 are characterized by the thorium-232 soil concentration and
half-life. The slope factors used to calculate ICR values associated with radium-228 and
thorium-228 are the radium-228+D and thorium-228+D SFs provided in HEAST
(EPA19936)._ Fgr-the Limeframes-beittg-evaluated in this appendix, the effect of daughter
ingrowth is only important for thorium-232. The "+D" slope factor provided in HEAST
adequately account for this effect for the uranium and actinium series.

Table 6-26 (radionuclide risk in the year 2096) indicates that thirteen radionuclides have
rra values .... •°• ^an 1x10'", and are considered contaminants of concern. Table 6-28bw.

indicates that following 500 and 10,000 yr of decay, the contaminant of concern list is
reduced to eight and five radionuclides, respectively. all cases, the risk is dominated by
uranium (and its associated daughter products). The pathways of concern for uranium are
external exposure and inhalation (see Table 6-19). The external exposure hazard is not due to
uranium itself, but protactinium-234m (a daughter product of uranium-238).

For theproduceingestionpathway, Table6-26 indicates-that the fi:ture (year 2096)
strontium-901CR is-5x104.Inclusioa of aproduce i ngestii,n p,athway does not change the status-- -
of strontium-90 as a contaminant of concern; the risk via other pathways (mostly soil ingestion)
is still greater than Ix10' in 100 yr. By the year 2496, the produce ingestion ICR value drops
to 3x10-e, such that strontium-90 is not considered a contaminant of concern after 500 yr.

ICR values ideally represent risk associatedwith cnntamination, excludingbackground
levels of naturally occurring constituents. However, contaminant soil concentrations (from
which ICR values are calculated) are based on maximum detected concentrations, which include
background concentrations. uanford Site background soil data are currently available only for
non-radioactive, inorganic constituents (see Table 3-10). The average background soil
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conc:a,tiatiu:+-represents asiRttifcantfractiottaf thetnaximutn-letectedtoricentratior, OF arseiiic
(6%) and beryllium (23%). Using the same risk assessment calculations provided in this
chapter, the ICR values associated with the background concentrations for arsenic and beryllium
are 1x105 and 5x10-5, respectively. The maximum detected soil concentration (33 pCi/g) of
potassium-40, a naturally occurring radionuclide, has an associated ICR of 4x10-0. Several
radioactive contaminants (carbon-14, uranium, thorium) are also naturally occurring; however,
Hanford Site background data are currently unavailable.

Naturally occurring terrestrial radionuclides result in a measurable external radiation
field. Woodruff and Hanf (1992) provide external radiation dose measurement results for
distant communities, which indicate that the average naturally occurring dose rate in 1991 was
approximately 87 mrem/yr. Using the current EPA radiation risk factor for cancer incidence

•. ,.{6.2x10' irr^retrr, Err^ i ...ya9b) . ._
, mts uose rate is associatea with an n:R of 1x10' (using the

exposure parameters provided in Table 6-13. Only five of the thirteen radioactive contaminants
of concern (in 2096, Table 6-26) have ICR values greater than the 1x10-' ICR associated with
naturally occurring terrestrial radiation. In 500 yr (Table 6-28), only three radionuclides
(plutonium-238/239, radium-226, and uranium) have associated ICRs greater than background
risk. In 10,000 yr, only uranium has an associated ICR greater than background risk.

6.2.1.4 Uncertainty Analysis. The uncertainty analysis for the groundwater risk assessment
provided in Section 6.1.4 is largely applicable to this analysis. Only sources of uncertainty
specific to the evaluation of soil exposures and risks are presented below.

6.2.1.4.1 Uncertainty Associated with Environmental Fate and Transport.
Environmental degradation-half=lrvesaretised inLhis-atzalysis (or.ginally presented in Section
4.1.2) to calculate decay-corrected HQs and ICRs. Since there is much uncertainty associated
with half-lives for organic compounds, several sources of data were reviewed, and a range of
half-lives was selected for each compound (< 1, 1-10, 10-100 yr). The maximum value in the
range is used in this analysis. For compounds with no data, the half-live was arbitrarily set at
10,000 yr.

There is a high degree of uncertainty with respect to the choice of half-lives for organic
compounds. Much of the current data is not appropriate for conditions expected in the ERDF.
Therefore, half-lives presented in Table 6-25 are not precise. The most obvious indication of
this is the difference in half-lives for the different Aroclors. Experimental data is available for
Aroclor-1248 (indicating a half-life less than 1 yr), but data are not available for the other two
PCBs. It is unlikely the degradation rates for all three PCBs are that different, but it is
conservatively assumed that Aroclor-1254 and Aroclor-1260 have half-lives of 10,000 yr. It is
unlikely that these are accurate half-lives for PCBs, and the associated ICRs for these Aroclors
are conservatively biased.

Choice of half-life is an important issue because future risk values are very sensitive to
this parameter. For example, the maximum detected concentration of Aroclor-1248 is about
twice the maximum detected value of Aroclor-1254 (see Table 3-9). However, because of the
choice of half-lives, Aroclor-1248 apparently degrades to insignificant levels while Aroclor-1254
remains a contaminant of concern with an ICR of 9x105. Better information on the half-life of
Aroctor-1254 and -1260 would probably eliminate these contaminants as a significant risk in the
future.
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This analysis conservatively assumed that the repository waste will not migrate away
from the ERDF. However, contaminant leaching may be an important loss mechanism. This
means that, if the ERDF design allows leaching, then the waste will eventually be depleted of
contaminants, starting with the most mobile species. This loss mechanism applies to all
contaminants, not just organics and radionuclides. For example, Table 6-10 indicates that
(assurrsingan urdirted-trer,ch-and-an-infdtration-rate-o€fl.5-cm/yr) arsenic is expected to migrate
from the ERDF to groundwater in 540 yr. In another 400 yr, the groundwater plume is
expected to have completely passed beyond the ERDF boundary. This also means that arsenic
is no longer present in the ERDF. The risk values in this chapter do not account for this
potential loss mechanism; it is conservatively assumed that the waste is stable and will not
migrate away from the ERDF.

6.2.1.4.2 Uncertainty Associated with the Exposure Assessment. It is important to
note that this chapter provides an evaluation of exposure conditions that the ERDF is expected
to prevent. Risk values presented in this chapter do not account for the probability that

,. exposure to repository wastes will occur. However, it is likely that as time following...J
completion of the ERDF increases, the probability of inadvertent intrusion also increases. For

p k- ^_--3- ------- - ut^^ ^s -.rP,,as.,!1n 1 ^ {â.ues eat̂ca^,^ aT..,aP ^ ntor _3t̂ t̂; t 1M11rP
are.. expectedr TI^ },P- - --- - ,- r.sx values - yr or -more in the - fi ....... .. PYnPh ... more

1='; representative of potential exposure conditions than risk values calculated for the year 2096.

The-produce tngestion-pathway appears to be the dominant risk pathway for strontium-
90. However, there is a high degree of uncertainty associated with this pathway. It is assumed
that a person grows enough produce on contaminated soils to support an intake rate of 80 g/d.
The strontium-90 uptake factor (0.25) is a default value for fruits, seeds, and tubers. Baes et al.
(1984) indicates that the range of reference mean values for strontium-90 uptake is 0.077 to 17.

Strontium-90 was chosen for the evaluation of the produce ingestion pathway because it
is a relatively important internal hazard, and has a relatively high uptake value. A produce
ingestion pa-u`lway may be important for other contaminants as well, but probably only those
contaminants that pose a high risk via the soil ingestion pathway. Of the contaminants that are
COC in the year 2096 (see Tables 6-25 and 6-26) the soil ingestion pathway is the dominant
riskpathway-fornearly-all non-radioactive contam}nants-as well as arnericium-241, nickei-63,
and isotopes of plutonium. Of all of these contaminants, current literature (Baes et al. 1984,
Travis and Arms 1988) indicates that strontium-90 has the highest uptake factor. In most cases,
the strontium-90 uptake factor is higher by more than an order of magnitude. This suggests
that, while a produce ingestion pathway may contribute to the overall risk, it is unlikely to be a
dominant risk pathway for more than a few contaminants.

6.2.1.4.3 Uncertainty Associated with the Toxicity Assessment. Table 6-20 provides
the confidence level assigned by EPA to each RfD. All of the contaminants of concern that
exhibit systemic toxic effects (Table 6-25) have confidence levels of medium or low (several
contaminants do not have assigned confidence levels). Because of the conservative assumptions
inherent in the development of these RfDs, it is unlikely that contaminants of concern represent
a significant systemic toxic hazard.

The copper RfD (4x10-Z mg/kg-d), which results in the highest HQ (30), may be
considered to have high confidence. This RfD is slightly lower than a LOAEL (in humans) of
7x10-2 mg/kg-d (EPA 1991a). However, the National Academy of Science recommend an
intake equal to or greater than the RfD to protect against the adverse health effects associated
with cnnner deficiencvwith __11 __ ___.____-_,.

6-24



DOE/RL-93-99, Rev. 0

The EPA slope factors developed to assess external exposure to radionuclides are likely
to be particularly conservative. External exposure SFs are appropriate for a uniform

contaminant distribution (i.e., an infinite slab source). Because of the penetrating ability of
high-energy photons, this assumption can only be satisfied if the contamination extends to nearly
2 m(6.6 ft) below ground surface, and over a distance of a few hundred meters or more.
Although the ERDF will exceed these dimensions, the soil concentrations used in this evaluation
are maximumdetecta,-aAd are-unlikely :o-represent-large-volumes of repository waste.

6.2.1.4.4 Uncertainty Associated with the Risk Characterization. The reader is
referred to Section 6.2.4.5 for a discussion of risk characterization uncertainty.

6.2.2 Ecological Risk Assessment

6.2.2.1 Problem Formulation. The purpose of this ecological risk assessment is to evaluate
the likellhoodthat2_dveIseecoingical effects may occur if organisms are exposed to
contaminants that may be disposed in the ERDF. The organisms would include all plants and

,:'--------- --- ----animals; except huenans and demestie-anir.,als, that-could be potentially exposed to site
contaminants. This risk assessment is intended to evaluate base conditions at the ERDF. These
base conditions are that the ERDF has a soil cover that can be breached by the organisms. This
base condition is then used to evaluate alternative designs. To account for temporal changes in

^' • contaminant concentrations (e.g., decay), four exposure scenarios are evaluated: current, 103
years in the future, 500 years in the future and 10,000 years in the future.

The ecological evaluation was conducted using biotransfer modeling to account for
exposure of ecological receptors to contaminants that might be disposed at the ERDF.
Biotransfer modeling is a common method for evaluating ecological risk (Suter 1993). For the
ERDF, biotransfer modeling was conducted using available site-specific information, best
available information where appropriate, and professional judgment, if necessary. This
evaluation calculates risks for a limited set of exposure scenarios. Namely, vegetation uptake of
c4ntaminaAt 1n Soil:-ingestl9A-ofvegetaticA (seeds) by ue Or2at Basin pocket mouse
(Perognathusparvus), and external exposure of the mouse to radionuclides present in the soil.
This evaluation does not consider the potential for bioaccumulation to higher trophic levels
because of the high degree of uncertainty associated with biotransfer factors for terrestrial
receptors. These scenarios were judged adequate for evaluation of ecological risks at the ERDF
because the cover barrier will be at least 15 feet thick, which is sufficient to prevent access to
wastes by environmental receptors.

6.2.2.1.1 Stressors. Soil material proposed for disposal at the ERDF will originate
from environmental restoration activities at waste management sites in the 100 and 300 Areas.
Remedial investigations have been conducted at several of the waste management units.
Contaminants recorded at these sites included volatile and semi-volatile organics, pesticides,
metals, and radionuclides. Biological monitoring studies have been conducted by PNL (or its
predecessors) for much of the time that the Hanford Site has been operating. Although these
studies show that biota have been contaminated by contaminants attributable to site activities
(especially radionuclides), there has been no report of significant adverse effects to the
ecological communities present at the Hanford Site to date.

The contaminants recorded at various waste management units could present a hazard to
the envirolu^tent because of toxicity and persistence in the environment. Soil contaminants of
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potential concern are identified and discussed in Chapter 5.0 and listed in Table 5-8. Soil
concentrations used to characterize contaminant conditions are maximum detected concentrations
from the 100 and 300 Areas. All organic, inorganic, and radioactive COPC identified in the
human risk assessment were considered to be of concern for the ecological risk assessment.
The COPC were selected after screening of constituents for human health risk (see
Sections 5.2).

6.2.1.1.2 Ecosystem Components. The regional and site-specific ecology of the
proposed ERDF site is presented in Section 2.8. Given that the proposed location of the ERDF
is on the 200 Area plateau of the Hanford Site, only terrestrial organisms that are resident on
the 200 Area plateau are considered for the evaluation of base conditions.

6.2.2.1.3 Endpoint Selection. The risk assessment combined soil data and modeled
data with other supportive information to evaluate potential exposure of receptor species to
organic, inorganic, and radiological contaminants. The assessment endpoint for study is the
health of selected receptor organisms and their populations. The measurement endpoint is the
estimated contaminant intake by individuals. Because the ERDF is in planning stages, no
mortality studies can be conducted on indicator species.

-.^

The focus is on site-wide risks associated with contaminants present in soils that could
_.,.,. be disposed of in the ERDF. It is not possible to evaluate all potential effects on all potential-
" leceptors__Consequently,_tltis_acsessment fncuse.c on the potential receptor that is most likely to--- -- -

be exposed to contaminants buried in the ERDF. The organism selected for evaluation is the
C;reat Rasin nncket mnuse ( Pa_.rnonn_rhUS paNUS)._o.__

6.2.Z:i.4 Conceptual Model. - Based on-the descriptions of ecological resources
present at, or near, the proposed ERDF site and assuming a contaminant source limited to the
soil, a conceptual ecological model can be derived for the key ecological resources of the area
(Figure 6-3). The key receptor evaluated in this risk assessment is the Great Basin pocket
mouse which is considered a small herbivorous mammal. In this model, uptake of contaminants
from soii by vegetation serves as the basic source of contaminant entry into the food chain. The
herbivore component, represented in the model by insects and several herbivorous mammals,
acts as the primary conduit between contaminants in vegetation and contaminants in carnivores.
Two levels of carnivores are common to the 200 Area plateau. Primary carnivores prey almost
entirely on herbivores; therefore, three- levels-of__bioaccumulation are possible (soil to plant,
plant to herbivore; herbivore to primary carnivore). Second-order carnivores prey on other
carnivores as well as on herbivores. The projected size of the ERDF [1.6 sq mi (410 ha)] is
extremely large relative to the home range of mice [5,400 to 43,000 ftz (0.05 to 0.4 ha)]. Thus,
it is assumed that mice spend their entire-livra withinshe ERDE bottnda_ry and inaest only

...:^^ •^^. grows°getauvu that ^^ ^gon uic site.

'v6.2.2.2
Analysis. The analysis phase of the ecological risk assessment is a technical evaluation

of the available data to assess the potential effects of exposure to the stressors on the target
receptors previously discussed. This analysis is based on the conceptual model and
characterizes exposure and ecological effects. The section on exposure characterization focuses
on developing the exposure relationship between receptors and site contaminants. Because of
the lack of site-specific data for plants and wildlife, this risk analysis can only be considered a
screenine-level analvsis.

C 1C
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6.2.2.2.1 Characterization of Exposure. For the purpose of the exposure
characterization, the maximum detected concentration for any potential contaminant was used to
establish the exposure scenario concentration. It was assumed these concentrations were
uniformly distributed over the site and were biologically active and available for transport into
the biosphere. It was also assumed that the measured activities for the radionuclides were
appropriate at the time of the risk assessment.

6.2.2.2.1.1 Exposure Analysis. Because of the need to provide an assessment of base
conditions, it was assumed the evaluated receptor spends some fraction of its life in the ERDF,
and obtains all its their food from the site when present, and all consumed food is contaminated.
There is no source of water within the site, therefore, water ingestion was not considered a
route of exposure. Ingestion of vegetation (seeds) is the only food chain exposure pathway
presented for the mouse.

The ecological risk assessment focuses on potential effects to vegetation and wildlife
potentially exposed to contaminants present in the ERDF. Terrestrial vegetation is represented
as a generic plant species for uptake from the soil and as a food source for wildlife. The pocket
mouse was selected based upon its presence at the site, trophic position, and habitat

Q__Y...^ requirements.

Z"r The major route of contaminant exposure for plants is assumed to be direct uptake of
contaminants from soil. Ingestion from food is assumed to be the major route of exposure to
wildlife species for both non-radiological and radiological contaminants. For non-radiological
contaminants, the receptor exposure to contaminants is based on the intake rate of contaminants
within the food source. Uptake factors and transfer coefficients are considered only for
determining concentrations in potential food sources. For radiological contaminants, the
exposure pathways consider uptake and incorporation of radionuclides from contaminated
external food that results in internal exposure and the dose due to direct external exposure. The
dose from direct exposure to radionuclides was calculated for the mouse because it spends its
life on the ground or in burrows.

6.2.2.2.1.2 Contaminant Intake by Terrestrial Receptors. The intake of
contaminants by environmental receptors is estimated from maximum soil concentrations,
appropriate transfer coefficients, and species specific intake factors. This section is focused on
intake of nonradiological contaminants, but applies to radiological contaminants by the
appropriate substitution of radionuclide activity concentration and conversion factors.

Plants

Direct uptake from soil is assumed to be the dominant exposure route for plants.
Uptake of contaminants via deposition is not considered. The contaminant concentration within
a generic piant was estimated from results of remedial investigation studies at operable units in
the 100 and 300 Areas. Soil-to-plant transfer coefficients for organic contaminants (Table 6-29)
were derived using the equations of Travis and Arms (1988). Soil-to-plant (seeds) transfer
factors for inorganic contaminants (Table 6-30) and radionuclides (Table 6-31) were obtained
from available literature (Baes et al. 1984, Coughtrey et al. 1985). Transfer factors to seeds
were chosen because seeds represent a significant proportion of the diet of the mouse. The
transfer factors do not take into account contaminant bioavailability, biodegradation, or_ -- ° -
metabolic transformation of compounds. Contaminant concentration (or activity) in plants is
calculated by
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C. =(C .l(Snl(Dw)(Cfl (6-9)

where

C;, = concentration (activity) of contaminant i in vegetation (mg/kg plant or Ci/kg plant,
wet weight)

C,,; = concentration (activity) of contaminant i in soil (mg/kg soil or pCi/g soil, dry
weight)

Sp = soil-to-plant transfer coefficient (kg soil/kg plant, dry weight)
w. 'g^• (0.32)- Vl ^Yl.l 11. Wl1Ye1J1V1

Cf, = conversion factor for radionuclides (1000 g/kg*1E-12Ci/pCi)

The transfer factors used in this assessment are for soil to reproductive parts (i.e. seeds).

Wildlife

The estimated contaminant intake (or activity) by the mouse is estimated using species
specific intake parameters. The intake of contaminants is estimated using an equation adapted
from the Human Health Evaluation Manual (EPA 1989a) in which

I _ (Ci.^)(!R)(FI)(EF)(ED)

i'.(BLI')(A7) (6-10)

where

Ii,a =
C.-=

iR =

FI =
EF =
ED =
BW =
AT =

intake rate of contaminant i by organism (mg/kg/day)
concentration of ccrlta;,inant i in vegetation (mg/kg, wet weight)
inoectinn rate (n nn^7 kg/day)ingestion ...... '.,..,.,., .

fraction of food ingested from contaminated area
exposure frequency (days/year)
exposure duration (years)
body weight (0.0235 kg)
averaging time (days)

This equation is used to estimate intake rate of contaminants by herbivores.

The ingestion rate is based on an allometric equation from Calder (1984):

IR (kg/day) = 0.157 BW 01. The mouse body weight is based on Burt and
Grossenheider (1976). For this assessment, exposure frequency, exposure duration, and
averaging time are assumed to be one year, and can therefore be ignored. The fraction of food
ingested from a contaminated area is an estimate based on the home range or species density of
the organism. For the mouse whose home range is smaller than the ERDF, it was assumed that
100% of their diet consisted of contaminated foodstuffs.

6.2.2.2.1.3 Estimation of Radiation Dose to Terrestrial Receptors. Uptake of
radionuclides from soils by plants was estimated the same way as uptake for non-radioactive
contaminants but substituting appropriate transfer coefficients and conversion factors
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(equation 6-9). The activity of any radionuclide in mice was calculated based on an equation
developed by Baker and Soldat (1992) which shows:

(A. )(IR.)(UF) 1-e -arA^ (BM I I X I
where

(6-11)

A;,m = activity of radionuclide i in mouse (Ci/kg, wet weight)
A;,,, = activity of radionuclide i in vegetation (Ci/kg, wet weight)
IRm = food ingestion rate of mouse (kg/day)
UF; = radionuclide i uptake fraction (unitless)
BW = body weight
k= effective decay constant of radionuclide i in organism ( 1/day), and X= Xb+k

where Xb = ln(2)/Tb is the biological removal rate constant for the radionuclide in
the organism with Tb being the biological half-life (days) and X,= In(2)/T, is the
radiological decay constant for the radionuclide and T, is the radiological half-life
(days)

T = time of exposure (days)

The internal dose rate to an organism by a radionuclide i is then given by

R.._ (b)(IR.)(UF)

J(BW) 1 1 1_e l
l X ^ (6-12)

where

R;,, = dose rate to total body of organism c by radionuclide i (rad d'')
b,=_ specific body burden of radionuclide in fnnd (('i/kol

- -- -------- - --- ---- .^..._a.

E^= effective absorbed energy rate for nuclide i per unit activity in organism c (kg-
rad/Ci/d), where E;.,=5.12E+04 e;., and e;, is the effective absorbed energy
(MeV/dis) for radionuclide i in organism c

The total dose is determined by summing the dose rate for each radionuclide. A
summary of exposure parameters for the mouse is shown in Table 6-32. In the absence of
specific data, the removal constants, X, and uptake fractions, UF;, are taken to be that of
standard man (Baker and Soldat 1992, ICRP 1959). For regulatory purposes, the exposure time
(T) is assumed to be one year. For a more complete derivation of the dose equations, see Baker
and Soldat (1992).

The external dose to wildlife is calculated for the mouse. These organisms spend a
significant portion of time either on the ground surface or burrowing into the soil. The external
dose due to burrowing beneath the soil surface for any given radionuclide i is estimated by

Rs.. =
(A,.)(DFb.)(EFb.)(CF )

(6 13)
(7) (CF)
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where

Rb.c
A
n,1

DFb;
EFb,,
CF1
T

CF2

= dose rate to organism c by burrowing (rad/d)
= soil activity of radionuclide i(pCi/g)
= burrowing dose factor for radionuclide i(mrad/y/mCi/g)
= exposure frequency for burrowing for organism c (unitless)
= conversion factor 1 ( 1E-06 mCi/pCi)
= time of exposure (1 year)
= conversion factor 2 ( 1000 mrad/rad)

The external dose from exposure at the soil surface is estimated by

R _ (A,s)(DF )(EF)(RF)(CF,)

• ` (7)(CF)

where

R, = aboveground dose rate to organism c (rad/d)
DF,; = aboveground dose factor for radionuclide i (mrad/y/mCi/g)
EF, = aboveground exposure frequency for organism c (unitless)
RF = roughness factor (0.2)

(6-14)

The total dose for external exposure for a radionuclide is the sum of burrowing and
aboveground exposure. The exposure frequencies for the mouse are chosen by best professional
judgment, and are judged suitable for evaluating base conditions of the ERDF.

6.2.2.1.4 Exposure Profile. The estimated exposure for the mouse for each evaluated
pathway are reported below. The risks associated with these exposures are reported in Section
6.2.2.3. The estimated concentrations (or activities) in vsgetation-of-the nrganic.r inorganic, and
radiological conwminants are shown in Tables 6-33, -34, and -35, respectively. There are no
site-speci5c-data-to evaluate the estimauxi concentration. These concentrations were used to

- eStitnated-the-cont?aminanY-irtg_ : nt^;, for the r..;,eptUrN.

Calculated contaminant intake or dose to wildlife species for organics, inorganics, and
radionuclides are given in Tables 6-36, 6-37, and 6-38, respectively. These estimates are based

- °.i^ --n^-'ua[----'-_----- --- ---------Gn- C-ExpoSUr$-pfl' ay5 chosen i ev1on.

This assessment is only for evaluating the base condition of the ERDF facility and the
intakes are not predictive or representative of actual contaminant concentrations or activities in
receptors. -Theseestimates of contaminant concentrations are used together with toxicity
information to evaluate potential risk posed by the ERDF under the assumption that there is a
loss of institutional control and the cover barrier is breached. There are no representative biota
sampling data that can be used for verification or comparison with these estimates.

6.2.2.2.2 Characterization of Ecological Effects. The ecological risk assessment
focuses on potential adverse effects to wildlife receptors as a consequence of exposure to
con.anti:rantsthat-willbedisposed at the ERu"r. Ecological effects are characterized by
identifying critical intake or exposure values that could result in adverse effects to wildlife
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receptors. The risk to wildlife was assessed by comparisons of predicted intakes to intakes
associates with observed (or unobserved) effects.

For organic and inorganic contaminants, the desired toxic endpoint is the NOAEL. The
NOAELs used in this assessment were derived using data and methodology cited in Opresko et
al. (1993). For several chemicals or analytes, no toxicity information could be identified.
These were not evaluated and are so noted in the results.

For radionuclides, Rose (1992) provides an inclusive review on the effects of ionizing
radiation on terrestrial organisms that includes the sensitivities of wildlife to ionizing radiation.
Rose (1992) reported the lower limits of lethal effects for chronic irradiation was 360 rad/yr or
roughly 1 rad/d for several American rodents. The lower dose limit for red pine (Pinus
resinosa) was reported to be around 0.82 to 1.64 rad/d for continuous exposure. A dose of
0.008 rad/d was the lowest dose that produced an effect on the fetuses of laboratory rats
irradiated during the third period of intrauterine life. It was found that body mass was reduced
and brain mass increased at birth. The increase in brain mass was the result of nerve tissue and
not edema. An exposure of 0.49 rad/d did not effect the growth rate of several American
rodents, e.g., Peromyscus leucopus. Pocket mice (Pergnathus formosus) were reported
unaffected at a dose of 0.96 rad/d.

In another extensive review of the affects of ionizing radiation on terrestrial organisms,
the International Atomic Energy Agency (IAEA 1992) concluded that a "dose rate of
approximately 10 mGy/d (1 rad/d) represents the threshold at which slight effects of radiation
become apparent in those attributes, e.g., reproduction capacity, which are of importance for
the maintenance of the population." The IAEA concluded that "reproduction was the population
attribute most sensitive to damage from chronic irradiation and also the attribute of greatest
significance in the ecological context." On the basis of the studies reported in the scientific
literature, a dose rate of 1 rad/d is the benchmark dose chosen to evaluate potential effects to
wildlife receptors from exposure to radionuclides.

6.2.2.3 Risk Characterization

6.2.2.3.1 Risk to Receptors. The likelihood of eliciting an adverse effect to receptor
species was estimated through an environmental hazard quotient (EHQ). The EHQ is defined as
the ratio of the contaminant dose to some benchmark dose (e.g., NOAEL). The EHQ ratio is
used to assess the potential adverse effect to an individual. For example, an EHQ that
approaches or exceeds unity would strongly indicate a potential for adverse effects to an
individual. Community effects are addressed qualitatively, based on the potential for adverse
effects to an individual. The EHQ was only calculated for non-radiological contaminants.

The calculated EHQ for contaminants that will be disposed of at the ERDF are reported
in Tables 6-36 and 6-37 for organic and inorganic contaminants, respectively. For radionuclides
(Table 6-38), those exposures that exceed the I rad/day benchmark are shaded.

The presence of an uncontrolled waste site would pose a significant risk to the
environment based primarily on the heavy metal concentrations. The results show that there are
organic and inorganic contaminants that represent a potential hazard to the wildlife receptors due
to ingestion through the food chain. The total dose (from ingestion and external exposure) to
the mouse from radionuclides would exceed 1 rad/d. This assessment shows that the dose from
external exposure was more significant than ingestion. Cesium-137, cobalt-60, europium-152,
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strontium-90, and uranium-238 (total) were the principal radionuclides that contribute to the
dose received by the receptors.

In addition to evaluating current hazards associated with the ERDF as an uncontrolled
waste site, the hazards are evaluated for different times in the future: 103 years, 500 years, and
10,000 years. This analysis accounts for the degradation of organic chemicals and radioactive
decay. It was assumed that inorganics do not degrade with time. Tables 6-39 (organics) and 6-
40 (radionuclides) show the estimated current and future hazard to the pocket mouse. After 500
years, the organic chemicals evaluated would degrade to levels that pose minimal risk. After
103 years, radionuclide activity would decay to levels that pose minimal risk.

6.2.2.3.2 Uncertainty. This ecological risk assessment is based only on estimates of

an assumed exposure to the maximum concentration of all contaminants that may be disposed of
at the ERDF. There is little likelihood that the evaluated scenario would occur. This evaluation

------Iloesnotcalculate-or-incorporate-the likelihoodof-this occurr_ence.- Thereare-no-?mpiric?l data
° that can be used to validate the exposure estimates in this risk assessment. Estimating the
`., potential exposure of a receptor to contaminants also required the use of a number of parameters

for which there are no data. Many of these parameters are based on professional judgment in
v the absence of site- or species-specific information. Modeling from soil to potential ecological

receptors required a number of assumptions including soil-to-plant, and plant-to-animal transfer
factors or coefficients. If the review of the literature produced a range of values, the highest
transfer factor was used in an attempt to be protective of the environment. No evaluation or
critical review was conducted to determine if these transfer coefficients are relevant to
conditions_at the proposed ERDF site. The lack of species specific toxicity information and the
asstmptions and uncertainties irco;orated into the estimates of NOAELs is another source of
uncertainty.

6.3 RISK ASSESSMENT OF SOILS FOR THE 500-YEAR DRILLING SCENARIO

This section extends the risk assessment provided in Section 6.2 (for current exposure to
soils) tn determine the risks associated with the 500-year drilling scenario. As discussed below,
this scenario is considered a reasonable soil exposure scenario for all the remedial alternatives
(except no action) evaluated in Chapter 9.

All of the alternatives evaluated in Chapter 9 include active institutional controls (e.g.,
fences, signs, patrols), passive controls (e.g., markers and off-site records), and a surface
barrier that is at least 4.6 m(15 feet) thick. It is assumed that institutional controls prevent
intrusion into the waste for at least 100 years and that passive controls prevent intrusion for 500
years. Furthermore, it is assumed that because the waste is covered with at least 4.6 m(15 ft)
of cover materials, intrusion into the waste due to excavation is precluded. Since none of the
evaluated barriers can prevent penetration by a drilling rig, however, it is reasonable to assume
that someone might inadvertently drill through the waste sometime after 500 years. The
likelihood that someone will drill through the waste is not addressed.

This scenaritrassumes that 300-yeais of-decay have occurred before the waste is brought
- to the surface. 1;e decay parameters for organic contaminants and radionuclides are provided

in Table 4-5 and 4-6 (inorganics are assumed not to decay). The drilling scenario assumes that
waste is brought to the surface in the form of drill cuttings and eventuallv spread over an area
of 100 m(328 ft) by 50 m(164 ft) to a depth of 15 cm (5.9 in.) for a total volume of 750 m'
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(26,000 ft'). Assuming a drill bit diameter of 20 cm (7.9 in.) and a waste thickness of 20 in
(66 ft) the total volume of waste brought to the surface is 0.63 m' (22 ft'). Dividing the volume
of surface soil by the amount of waste results in a dilution factor of 1,190, which is rounded
down to 1,000.

631 Human Health Rvaluatinn

The human-health risks associated with soil exposure to contaminants 500 years after the
ERDF is closed are summarized in Table 6-27 for organic contaminants and Table 6-28 for
radionuclides. Since metals do not decay, risks associated with metal contaminants 500 years
after the ERDF is closed are the same as current risks (presented in Table 6-23). These risks
are then diluted by a factor of 1,000 to reflect dilution with clean surface soils and the results
are presented in Table 6-41 for non-radionuclides and Table 6-42 for radionuclides. The total
hazard quotient is 0.05 and the maximum HQ is associated with copper (0.03). The total ICR is
9x10'' for non-radionuclides (dominated by arsenic, beryllium, and chromium) and 3x10-5 for
radionuclides (dominated almost entirely by uranium). Because uptake factors for these
contaminants are relatively low, inclusion of a produce ingestion pathway is unlikely to

u-* significantly increase these risk values. The predicted HQ and ICR associated with the drilling
scenario are below the goals established in the Tri-Party Agreement of 1 for HQ and 1x10° for

Z" ICR.
C^`

6.3.2 Ecological Evaluation of the Intruder Scenario

---- ----------- -- ------- -------The i:RfUder-s£enafio-resuli5-in-a release-of£ont^inant5 buried ii. the ERDF to the
environment. This scenario occurs 500 years in the future and the circumstances of the release
(well drilling) results in a thousand-fold dilution of the contaminant concentration. The
ecological evaluation of base conditions (Section 6.2.2) showed that after 500 years of decay
and degradation, radiological and organic contaminants had EHQs less than one. Therefore,
there is little possibility of ecological impacts resulting from an intrusion into the ERDF waste
at 500 years in the future. For inorganic contaminants, there is no change in concentration due
to-decay_or degradation. Tbethousand-folddilutionreSulLs, hnwe.ver in a thnncand-fnld

reduction in the EHQs for inorganic contaminants. These results are shown in Table 6-43. The
only contaminant that results in an EHQ that is greater than one is copper with an EHQ of 12.
This indicates that there is a possibility of risk to environmental receptors associated with the
intrusion scenario. It should be noted, however, that the background concentration of copper in
soil (28.2 mg/kg; DOE-RL 1993i) results in an EHQ of 3, which has not resulted in an
identifiable adverse impact to the environment. It is evident that the environmental exposure
analysis results in an overestimate of risk to environmental receptors. The estimate of an EHQ
of 12 for the intrusion scenario (due to copper) is within an order of magnitude of the EHQ
calculated for background soils, which is typical of the uncertainty associated with risk
estimates. Thus, it is likely that the intrusion scenario will not result in adverse impacts to the
environment from any potential contaminants disposed in the ERDF.
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Table 6-1. Residential Scenario Exposure Factors for

Noncarcinogenic Contaminantsa.

Exposure Pathway Exposure Parameters

Media Route Daily Intake Exposure Exposure Body Weight Averaging Conversion Other

Rate Frequency Duration (kg) Time Factors Factors
(d/yr) (yr) (yr x d/yr)

Groundwater Ingestion IL 365 6 16 6 x 365 -- --

Dermal 0.17 hr 365 30 70 30 x 365 1L/1,000cm3 20,000cm2 K

aExposure parameters recommended in HSI3RAM (DOE-RL 1993j).
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Table 6-2. Residential Scenario Exposure Factors for Carcinogenic
(Non-Radioactive) Contaminantsa.

Exposure Pathway Exposure Parameters

Media Route Daily Intake
Rate

Exposure
Frequency

(d/yr)

Exposure
Duration

(yr)

Body
Weight (kg)

Averaging
Time

(yr x d/yr)

Conversion
Factors

Other
Factors

Groundwater Ingestion 2L 365 30 70 70 x 365 -- --

Dermal 0.17 hr 365 30 70 70 X 365 I L/1,000 cm3 20,000cm2 K

aExposure parameters recommended in HSBRAM (DOE-RL 1993j).
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Table 6-3. Residential Scenario Exposure Factors for
Radioactive Contaminantsa.

Exposure Pathway Exposure Parameters

Media Route Daily Intake
Rate

Exposure
Frequency

(d/yr)

Exposure
Duration

(yr)

Conversion
Factors

Other
Factors

Groundwater Ingestion 2L 365 30 -- --

aExposure parameters recommended in HSBRAM (DOE-RL 1993j).
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Table 6-4. Residential Summary Intake
Factorsa.

^

Exposure Pathway Summary Intake Factors

Medfia Route Noncarcinogenic Carcinogenic
(Non-Radioactive)

Radioactive

T
Groundwater Ingestion 6.3E-02 1.2E-02 2.2E+04

Dermal 4.9E-02 :x liPb 2.1E-02 x ICPb NA

aBased on default exposure parameter values provided in HSBRAM (DOE-RL 1993j) and Tables 6-1, 6-2, and 6-3.
Summary intake factors are appropriate for water concentrations of mg/L (non-radioactive) and pCi/L (radioactive).
bChemicaj-specific permeability coefficient (cm/hr) (Table 6-6 of th i s report). 0
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Table 6-5. Intakes and Risk Values for Groundwater Contaminants via ingestion.

Contaminant Noncarcinogen Carcinogen

Intake HQ Intake ICR

Inorganic Constituents (mg/kg-d) (mg/kg-d)

Antimony 2.4E+00 6E+03
Arsenic 3.8E+00 1E+04 7.2E-01 > lE-02 (IE+00)
Chromium (VI) 3.8E+00 8E+02
Fluoride 3.8E+00 6E+01
Nitrite (as N) 3.8E-01 4E+00
Selenium 1.5E+00 3E+02

Radionuclides NA NA (pCi)

Carbon-14 2.9E+ 10 >1E-02(3E-02)
Technetium-99 5.1E+07 7E-05
Uranium (total) 2.4E+07 7E-04

HQ = hazard quotient
ICR = lifetime incremental cancer risk
NA = not applicable
Note: Blank cells indicate that toxicity values are currently unavailable with which to evaluate

groundwater ingestion.
ICR values in parentheses are calculated using a linear cancer risk equation (Equation
6-5), and are not intended to represent accurate cancer risk estimates.
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Table 6-6. Intakes and Risk Values for Dermal Exposure
to Groundwatera.

Contaminant Permeability Noncarcinogen Carcinogen

Factor, K(cm/hr)b Intake HQ Intake ICR

Inorganic Constituents (mg/L) (mg/L)

Antimony 1.0E-03 1.9E-03 5E+02
Arsenic 1.0E-03 2.9E-03 2E+01 1.3E-03 5E-03
Chromium (VI) I.OE-03 2.9E-03 6E+00
Fluoride I.OE-03 2.9E-03 5E-02
Nitrite (as N) 1.0E-03 3.0E-04 3E-03
Selenium 1.0E-03 1.2E-03 5E+00

HQ = hazard quotient
ICR = lifetime incremental cancer risk

aRadionuclides are not evaluated for the dermal pathway.
bEPA 1992b.
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Table 6-7. Summary of Systemic Toxicity Information for Contaminants of Potential Concern.

^

Contaminant Oral RfD
mg/kg-d

Oral RfD
(basis/source)

Confidence
Levela

Critical ^
Effect

Uncertainty
Factors

Modifying
Factors

Antimony 4.0E-04 water/IRIS L longevity, altered blood
chem istry

1,000 1

Arsenic 3.0E-04 water/IRIS M hyperpigmentation, keratosis 3 1

Chromium (VI) 5.0E-03 water/IRIS L none observed 500 1

Fluoride 6.0E-02 water/IRIS H cosmetic effect of dental
fluorosis

I 1

Nitrite (as N) 1.0E-01 water/IRIS H methemoglobinemia 1 10

Selenium 5.OE-03 food/IRIS M selenosis 3 1

a L= low, M= medium, H high

RfD = refernce dose
IRIS = Integrated Risk Information System (EPA 1993a)
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Table 6-8. Summary of Carcinogenic Toxicity Information for
Contaminants of Potential Concern.

Contaminant Weight of Evidence Type of Cancer Oral SF Source
Classification

Nc;.-radioact^,ve i i im¢/kr-01 1

Arsenic A lung, skin 2E+00a IRIS

Radioactive (pCi)-1

Carbon-14 A NDb 9.0E-13 HEAST
Technetium-99 A NDb 1.3E-12 HEAST
Uranium (total)c A NDb 2.8E-11 HEAST

aBased on proposed arsenic unit risk of SE-05 (µg/L)-l.
bCarcinogenic effects of radioactive contaminants are based on effects of ionizing radiation
generally. Human epidemiology data provide inadequate evidence of carcinogeni city for
these isotopes.
cUranium-238+D slope factor is used to evaluate total uranium.

SF = slope factor
ND = not determined
IRIS = Integrated Risk Information System (EPA 1993a)
HEAST = Health Effects Assessment Summary Tables (EPA 1993b)
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Table 6-9. Dermal Toxicity Values for Groundwater Contaminants
of Potential Concern.a

GI Absorption Dermal
Contaminant Fraction RfD SF

(unitless) (mg/kg-d) (mg/kg-d)'1

Inorganic Constituents

Antimony IE-02c 4.OE-06

Arsenic 5E-01c 1.5E-04 4.0E+00

Chromium (VI) 1E-0Ic 5.OE-04

Fluoride 1E+00b 6.OE-02

Nitrite (as N) IE+OOb 1.0E-01

Selenium 5E-02c 2.5E-04

aSee Table 5-1 for ingestion toxicity value.

bData are currently unavailable to quantify absorption; contaminants are

assumed to be 100% absorbed.

cEPA 1988b, Table 3.
Note: Radionuclides are not evaluated for the dermal pathway.
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Table 6-10. Summary of Groundwater Contaminants Risks and Travel Times.

Contatttinant Contaminant
Contaminant HQ Total ICR Total

Travel
Timea (yr)

Inorganic Constituents

Antimony 7E+03 5.2E+02

Arsenic 1E+04 > 1E-02 (1E+00) 5.2E+02

Chromium (VI) 8E+02 5.2E+02

Fluoride 6E+01 5.2E+02

Nitrite (as N) 4E+00 5.2E+02

Selenium 3E+02 5.2E+02

Radionuclides

Carbon-14 NA > 1E-02 (3E-02) 5.2E+02

Technetium-99 NA 7E-05 5.2E+02

Uranium (total) NA 7E-04 5.2E+02

aFrom Table 4-11.
HQ = hazard quotient
ICR = lifetime incremental cancer risk
NA = not applicable
Shading indicates contaminants of concern.
Note: ICR values in parentheses are calculated using a linear cancer risk

equation (Equation 6-5), and are not intended to represent accurate
cancer risk estimates.
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Table 6-11. Residential Scenario Exposure Factors for Noncarcinogenic Contaminantsa.

".)

Pathway Exposure Parameters

Media Route Daily Intake Exposure Exposure Body Averaging Conversion Factors Other Factors

Rate Frequency Duration Weight Time

(d/yr) (yr) (kg) (yr x d/yr)

Soil Ingestion 200 mg 365 6 16 6 x 365 IE-06 kg/mg -

Dermal 0.2 mg/cm2 180 6(C) 16 (C) 30 x 365 1E-06 kg/mg 2,500 cm2(C)

24 (A) 70 (A) 5,000 cm2(A)
ABS

Air Inhalation 10 m3 365 6 16 6 x 365 - -

°Exposure parameters reconunended in HSBRAM (DOE-RL 1993j).

C = child
A = adult
ABS = chemical-specific absorption fraction

C7
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Table 6-12. Residential Scenario Exposure Factors for Carcinogenic (Non-Radioactive) Contaminantse.

Pathway Exposure Parameters

Media Route Daily Intake Exposure Exposure Body Averaging Conversion Facton Other Factorr

Rate Frequency Duration Weight Time

(d/yr) b"r) (kg) (yr x d/yr)

Soil Ingestion 200 mg (C) 365 6(C) 16 (C) 70 x 365 1E-06 kg/mg -

100 mg (A) 24 (A) 70 (A)

Demul 0.2 mg/crr2 190 6 (C) 16 (C) 70 x 365 1 E-06 kg/mg 2,500 cm2(C)

24 (A) 70 (A) 5,000 cm2(A)
ABS

Air Inhelation 20 m3 365 30 70 70 x 365 - -

°Exposure parameters recommended in HSBRAM (DOE-RL 1993j).

C = child

A = adult
ABS = chemical-specificabsorption fraction

0
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Table 6-13. Rcsidential Scenario Exposure Factors for Radioactive Contaminantse.

w

Pathway Exposure Parameters

Media Route I Daily Intake Exposure Exposure Conversion Factors Other Factors
Rate Frequency I)uration

(d/yr) (yr)

Soil Ingestion 200 mg (C) 365 6 (C) 1E-03 g/mg -
100 mg (A) 24 (A)

External 24 hr 365 30 1.14E-04 yr/hr 0.8

Air Inhalation 20 m3 365 30 - -

Biota Ingestion 80 g 365 30 - -

eExposure parameters recommended in HSBF:AM (DOE-RL 1993j).
C = child
A = adult
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DOE/RL-93-99, Rev. 0

Table 6-14. Residential Scenario Summary Intake Factorsa.

MEDIA ROUTE NONCARCINOGENIC CARCINOGENIC

(NOIkRadiMChVe)

RADIOACTIVE

Soil Ingestion 1.3E-05 (d)"1 1.6E-06 (d)-I 1.3E+03 g

Dermal 8.75E-06 x ABSa (d)-1 3.75E-06 x ABS4(d)-1 NA

External Exposure NA NA 2.4E+01 yr

Air Inhalation 6.3E-01 m'/kgd I.2E-01 m'/kg-d 2.2E+05 m'

Biotat' Ingestion - - 8.8E+06g

' Exposure parameters recommended in HSBRAM (DOE-RL 1993j).
b For this report, the biota pathway is evaluated only for etrontium-90.

ABS = Chemical-specific absorption fraction (unitless).

NA = not applicable

6T-14
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Ll DOE/RL-93-99, Rev. 0

Table 6-15. Intakes and Risk Values for Non-Radioactive Soil Contaminants via Soil Ingestior>a.
(Sheet 1 of 2)

Contaminant Noncarcinogen Carcinogen

Intake
(mg/kg-d)

HQ Intake
(mg/kg-d)

ICR

Organic Compounds

Aroclor-1248 1.6E-05 1E-04

Aroclor-1254 1.0E-05 5E-05

Aroclor-1260 3.6E-06 3E-05

benz(a)anthracene 2. 8E-06 2E-05

benzene 3.OE-07 9E-09

benzo(a)pyrene 4.2E-05 3E-04

benzo(b)fluoranthene 3.7E-06 3E-05

benzo(k)fluoranthene 1.2E-06 9E-06

bis(2-ethylhexyl)phthalate 4.1E-04 2E-02 5.1E-05 7E-07

chloroform 1.0E-06 1E-04 1.2E-07 8E-10

chrysene 6.7E-05 5E-04

dibenz(a,h)anthracene 2.7E-06 2E-05

dieldrin 2.6E-07 5E-03 3.3E-08 5E-07

indeno(1,2,3-cd)pyrene 2.5E-06 2E-05

methylene chloride 5.6E-05 9E-04 7.OE-06 5E-0S

pentachlorophenol 1.9E-05 6E-04 2.3E-06 3E-07

trichloroethene 4.9E-06 8E-04 6.1E-07 7E-09

vinyl chloride 3.7E-08 7E-08

Inorganic Constituents

aluminum 9.5E-01 1E+00

ammonia

antimony 2.3E-04 6E-01

arsenic 7.5E-04 3E+00 9.7E-05 2E-04

barium 5.3E-02 8E-01

beryllium 5.9E-05 lE-02 7.3E-06 3E-05

6T-15a
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Tablr `1S. inaites and Risk Values for Non-Radioactive Soil Contaminants via Soil Ingestion.a
(Sheet 2 of 2)

Contaminant Noncarcinogen Carcinogen

Intake
(mg/kg-d)

HQ Intake
(mg/kg-d)

ICR

cadmium 3.6E-04 4E-01

chromium 3.1E-02 6E+00

copper 1.2E+00 3E+01

lead

manganese 3.8E-02 3E-01

mercury 4.6E-04 2E+00

nickel 2.2E-02 1E+00

suver 4.5E-03 9E-01

thaiiium 6.8E-05 1E+00

vanadium 4.9E-03 7E-01

zinc 7.7E-02 3E-01

8 Assuming current residential exposure to maximum detected contaminant
concentrations.
HQ = hazard quotient
ICR = lifetime incremental cancer risk
Note: Blank cells indicate that toxicity values are currently unavailable with which
to evaluate soil ingestion.
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Table 6-16. Intake and Risk Values for Non-Radioactive Soil Contaminants
via Dermal Pathway.a (Sheet 1 of 2)

Contaminant ABS Noncarcinogen Carcinogen
(unitless)

Intake
(mg/kg-d)

HQ Intake
(mg/kg-d)

ICR

Organic Compounds

Aroclor-1248 6E-02b 2.2E-06 2E-05

Aroclor-1254 6E-02b 1.4E-06 1E-05

Aroclor-1260 6E-02b 5.2E-07 4E-06

benz(a)anthracene 5E-02c 3.4E-07 2E-06

benzene 3E-01c 2.1E-07 6E-09

benzo(a)pyrene 5E-02c 5.OE-06 4E-05

benzo(b)fluoranthene 5E-02c 4.5E-07 3E-06

benzo(k)fluoranthene 5E-02c 1.4E-07 1E-06

bis(2-ethylhexyl)phthalate 5E-02c 1.4E-05 7E-04 6.2E-06 9E-08

chloroform 3E-01c 2.1E-07 2E-05 9.OE-08 5E-10

chrysene 5E-02c 8.OE-06 6E-05

dibenz(a,h)anthracene 5E-02c 3.2E-07 2E-06

dieldrin 5E-02c 9.2E-09 2E-04 3.9E-09 6E-08

indeno(1,2,3-cd)pyrene 5E-02c 3.0E-07 2E-06

Imethylene chloride 3E-01c 1.2E-05 2E-04 5.0E-06 4E-08

entachlorophenol 5E-02c 6.5E-07 2E-05 2.8E-07 3E-08

trichloroethene 3E-01c 1.0E-06 2E-04 4.4E-07 5E-09

vinyl chloride 3E-01c 2.7E-08 5E-08

Inorganic Constituents

aluminum 1E-02b.c 6.8E-03 7E-01

ammonia 3E-01c

antimony 1E-02b,c 1.6E-06 4R-01

arsenic 1E-02b,c 5.4E-06 4E-02 2.3E-06 9E-06

barium 1E-026>c 3.7E-04 5E-02

beryllium 1E-02b.c 4.1E-07 2E-02 1.8E-07 2E-04

6T-16a
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Table 6-16. Intake and Risk Values for Non-Radioactive Soil Contaminants
via Dermal Pathway.a (Sheet 2 of 2)

Contaminant ABS Noncarcinogen Carcinogen
(unitless)

Intake
(mg/kg d)

HQ Intake
(mg/kg-d)

ICR

cadmium 1E-02b>c 2.5E-06 5E-02

chromium 1E-02b,c 2.2E-04 4E-01

copper 1E-02b>c 8.3E-03 4E-01

lead 1E-02b,c

manganese 1E-02b,c 2.7E-04 2E-02

mercury 1E-02b>c 3.2E-06 SE-01

nickel 1E-02b•c 1.5E-04 2E-01

silver 1E-02b,c 3.2E-05 1E-01

thallium 1E-02b>c 4.7E-07 7E-03

vanadium 1E-02b,c 3.4E-05 5E-01

zinc 1E-02b>c 5.4E-04 4E-03

aAssuming current residential exposure to maximum detected contaminant concentrations.
bEPA 1992b.
cHawkins, et at. 1990.
ABS = dermal absorption factor
HQ = hazard quotient
ICR = lifetime incremental cancer risk
Note: Blank ceils indicate that toxicity values are currently unavailable with which to
evaluatedermal exposures. Radionuclides are not evaluated for the dermal pathway.

6T-16b



^ DOE/RL-93-99, Rev. 0

Table 6-17. Intake and Risk Values for Non-Radioactive Soil Contaminants
via Fugitive Dust Inhalation.a (Sheet 1 of 2)

Contaminant Noncarcinogen Carcinogen

Intake
(mg/kg-d)

HQ Intake
(mg/kg-d)

ICR

rganic Compounds

Aroclor-1248

Aroclor-1254

Aroclor- 1260

benz(a)anthracene

enzene 7.6E-10 2E-11

enzo(a)pyrene

enzo(b)fluoranthene

enzo(k)fluoranthene

i s(2-ethy lhexyl)ph th al ate

hloroform 3.2E-10 3E-11

hrysene

dibenz(a,h)anthracene

dieldrin 8.5E-11 IE-09

indeno(1,2,3-cd)pyrene

methylene chloride 9.3E-08 IE-07 1.8E-08 3E-11

entachlorophenol

richloroethene 1.6E-09 9E-12

inyLchloride - - - --9-.7E-II -- 3E-ii

Inorganic Constituents

aluminum

ammonia 2.8E-06 1E-04

antimony

arsenic 2.5E-07 4E-06

arium 8.8E-05 9E-01

eryllium 1.9E-08 2E-07
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Table 6-17. Intake and Risk Values for Non-Radioactive Soil Contaminants
via Fugitive Dust Inhalation.a (Sheet 2 of 2)

Contaminant Noncarcinogen Carcinogen

Intake
(mg/kg-d)

HQ Intake
(mg/kg-d)

ICR

_admiLm 1.IE-07 7E-07

hromium 1.0E-05 4E-04

1copper

'--" - -1cau - - -

anganese 6.3E-05 6E-01

mercury 7.6E-07 8E-03

nickel

silver

thallium

vanadium

inc

aAssuiuL',g current residential exposureto maximum detected contaminant concentrations.

HQ = hazard quotient
ICR = lifetime incremental cancer risk
Note: Blank cell indicate that toxicity values are currently unavailable with which to evaluate an
inhalation pathway. Intake values based on particulate emission factor of 3.OE+07 m3/kg.
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Table 6-18. Intake and Risk Values for Non-Radioactive Soil Contaminants via Inhalation of Volatilese.

^
^

Contaminant Noncarcinogen Carcinogen

VF
(m3/kg)

Intake

(mg/kg-d)
HQ Intake

(mg/kg-d)
ICR

Organic Compounds

benzene 2.6E+03 8.9E-06 3E-07

chloroform 1.0E+03 9.8E-06 8E-07

methylene chloride I.OE+03 2.8E-03 3E-03 5.5E-04 9E-07

trichloroethene 1.2E+03 4.0E-05 2E-07

vinyl chloride 6.0E+02 4.9E-06 IE-06

Inorganic Constituents

ammonia 1.0E+03 8.6E-02 3E+00

aAssuming current residential exposure to maximum detected contaminant concentrations.
VF = volatilization factor
HQ = hazard quotient
ICR = lifetime incremental cancer risk
Note: Intakes and risks are calculated only for volatile contaminants.
Blank cells indicate that toxicity values are currently unavailable with which to evaluate volatile inhalation.
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Table 6-19. Intake and Risk Values for Radioactive Soil
Contaminants (All Pathways).a (Sheet I of 2)

^O

Radionuclide Soil Ingestion Fugitive Dust Inhalation External Exposure

Intake (pCi) ICR Intake (pCi) ICR Intake (pCi) ICR

americium-241 4.,5E+04 1E-05 2.5E+02 8E-06 8.2E+02 4E-06

azium-140 5.2E+05 1 E-06 2.9E+03 6E-09 9.6E+03 5E-03

beryllium-7 1.2E+05 4E-09 6.5E+02 2E-10 2.2E+03 3E-04

arbon-14 8AE+05 8E-07 4.6E+03 3E-I1 1.5E+04 0

rium-141 3.5'E+03 3E-09 2.2E+01 2E-10 7.2E+01 9E-06

erium-144 6.6E+02 4E-09 3.6E+00 IE-09 1.2E+01 3E-07

esium-134 7.3.E+04 3E-06 4.OE+02 1E-08 I.3E+03 7E-03

esiuln-137 1.4E+08 4E-03 7.9E+05 2E-05 2.6E+06 5E+00

hroimium-5l 4.5E+03 2E-10 2.5E+01 8E-12 8.3E+01 8E-06

oba1t-58 1.8E+04 3E-08 I.OE+02 ]E-09 3.4E+02 IE-03

obaHt-60 1..4E+07 2E-04 7.9E+04 1E-05 2.6E+05 2E+00

uropium-152 3..8E+07 8E-05 2.1E+05 2E-05 7.OE+05 3E+00

uropium-I54 1.2E+07 4E-05 6.6E+04 9E-06 2.2E+05 9E-01

uropium-155 1.3E+07 6E-06 6.9E+04 IE-06 2.3E+05 1E-02

ydrogen-3 3.8E+07 2E-06 2.1E+05 2E-08 7.0E+05 0

iron-59 1.3E+03 4E-09 7.2E+00 7E-I1 2.4E+01 1E-04

manganese-54 9.2E+01 1E-10 5.1e-01 3E-12 1.7E+00 5E-06

nickel-63 8.1E+07 2E-05 4.5E+05 8E-07 1.5E+06 0

P.
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Tablee Intake and Risk Values for Radioai;,tive Soil
Gontaminants (All Pathways).a (Sheet 2 of 2)

I

Radionuclide Soil Ingestion Fugitive Dust Inhalation External Exposure

Iiitake (pCi) ICtR. Intake (pCi) ICR Intake (pCi) ICR

lutonium-238 l.8E+05 4E-b5' I.OE+03 4E-05 3.4E+03 9E-08

lutonium-239/240 3.7E+06 8E-b4 2.OE+04 8E-04 6.7E+04 2E-06

radium-226 5.6E+04 7E-06 3.IE+02 9&-0'7 1.0E+03 6E-03

ruthenium-103 1.3E+03 lE-bl9 7.2E+00 6E-1 1 2.4E+01 4E-05

odium-22 1 .3E+04 9E-08 7.2E+01 3E-10 2.4E+02 2E-03

strontium_90b 2 .6E+06 9E-05 1.4E+04 9E-07 4.8E+04 0

orium-228 2.2E+04 lE-06 1.2E+02 9E-06 4.OE+02 2E-03

orium-232 4.6E+03 6E-08 2.6E+01 7E-07 8.5E+01 2E-09

ranium (total) 2 .6E + 07 7E-04 1.4E+05 8E-03 4.8E+05 2E-02

inc-65 21.9E+02 3E-09 2.2E+00 3E-11 7.2E+00 lE-05

irconium-95 7.3E+02 7E- 10 4.0E+00 4E-11 1.3E+01 3E-05

Assuming current residential exposure to maximum detected contaminant concentrations.
The biota ingestion intake value for strontium-90 is 1.4E+08 pCi, with an associated ICR of 5E-03.

ICR = lifetime incremental cancer risk
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Table 6-20. Summary of Systemic Toxicity Information for Soil Contaminants of Potential Concern (COPC)
at the ERDF. (Sheet I of 3)

d

Contaminant Oral RR) Oral RtDa,b Confidence Critical Effect Uncertaiitty Modifying Inhalation Inhaletion Confidence Critical Effect Uncertainty Modifyin
mg/kg-0 (berie/wurce) Level Factorn Fectora RfD mg/kg RfD°^b Level Factort Factors

(beeis/eource

INORGANIC CONSTITUENTS

Aluminum I.OE+ 00 oral/STSC M decreased body 100 1 ND -- - - -
weight,

neurotoxicity

Ammonia 34e oral/HEAST - taste I I 2.9E-02 air/IRIS M respiratory 30 1
effects

Antimony 4.0E-04 water/IRIS L longevity, altered 1000 1 ND - - - -
blood chemistry

Arsenic 3.OE-04 weter/IRIS M hyper- 3 1 ND - -- - - -
pigmentation,

keratosis

Barium 7.OE-02 water/IRIS M increaeedblood 3 1 1E-04 HEAST reproductive 1000 -
pressure effects

Beryllium 5.0E-03 water/IRIS L none observed 100 I ND - - - - --

edmium LOE-03 food/HIIS H proteinurie 10 1 ND - - -- -

hromium(VI) 5.0E-03 water/IRIS L rnneobeerved 500 I ND -- - - -

opper 4.OE-02 oral/STSC' - 01 irritation - - ND

Lead ND IRIS - blood enzyme - - ND - - -
level changes,

neuro behavioral

development of

children

enganeee 1.4E-01 food/IRIS M CNS effect I I I.IE-04 air/IRIS M respiratory 300 3
symptoms,

psychomotor

disturbances

ercury 3.0E-04 oral/HEAST - kidney toxicity 1000 - 8.6E-05 orel/HEAST - neurotoxicity 30 -

11
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Table 6-20. Summary of Systemic Toxicity Information for Soil Contaminants of Potential Concern (COPC)
at the ERDF. (Sheet 2 of 3)

l^

IJ

?

Contaminant

i

'

Oral RfD

mglkg-d

Oral RIDalb

(basis/source)

Confidence

Level

Critical Effect Uncertainty

Factors

Modifying

Factors

Inhalation

RID mg/kg-
Inhalation
RfDa,b

(beeislsource

Confid2nce

Level

Critical Effect Uncertainty

Factors

Modifyin

Factors

Nickel 2.0E-02 food/BUS M decreased body,

organ weight

300 - ND - -- -- --

Silver '. 5.0E-03 intravenous/

nLIS

L argyrie 3 1 ND

Thallium (oxide) 7.0E-05 oral/IRIS - increased SOOT 3000 -- ND - - - -- -

Vanadium 7.0E-03 weter/HEAST - none observed l00 - ND - - - -- --

inc 3.0E-01 oral/HUS M decrease in

erythrocyte

superoxide

dismutase

3 1 ND --

ROANIC COMPOUNDS

Aroclor-1248 ND - - - - - ND

Aroclor-1254 ND - - - -- - ND

Aroclor-1160 ND - - - -- - ND

Benz(a)an(hncene ND - - - - - ND - - - - --

Benzene ND - ND -

Benzo(a)PWrene ND - ND -

Benzo(b)fluonnthene ND - - - - -- ND - - -- -- --

Benzo(k)fluorenlhene ND - - - -- - ND - --

Bis-2(ethylhexyl)-
hthetate

2.OE-02 onl/QIIS M increased liver
weight

1000 1 ND -

hlorofomn I.0E-02 orel/IRIS M fatty cyst
fonnalion in live

1000 1 ND

hryeene ND - -- - -- - ND --

0

W

rD

0



Table 6-20. Summary of Systemic Toxicity Information for Soil Contaminants of Potential Concern (COPC)
at the ERDF. (Sheet 3 of 3)

O
0

Contaminant Oral RID Oral RIDa•b Confidence Critical Effect Uncertainty Modifying Inhalation Inhalation Confidence Critical Effect Uncertainty odifyin

mg/kg-d (basis/source) Level Factors Factors RfD mg/kg RfDarb Level Factors Factars

(basis/source

Dibenz(a,h)anthracene ND - - - -- -- ND - - - -

Dieldrin 5.0E-05 oral/IRIS - - -- - ND - - - - -

Indeno(1,2,3-cd) ND - - - - - ND - -
yrene

ethylene Chloride 6.0E-02 water/IRIS M. liver toxicity 100 1 9.013-01 air/HEAST - liver toxicity 100 -

Pentechlorophenol 3.OE-02 orel/IRIS M liver & kidney 100 1 ND - -- -- - -
pathology

richloroethene 6.0E-03 -/STSC L - 3000 1 ND -- - - - -

Vinyl chloride ND - - - -- -- - - -- -- -- -

'Integrated Risk Information System (IRIS, EPA 1993a).

Health Effecte Assessment Summary Tables (HEAST, EPA 1993b).
°2-Butanone in used as a surrogate for 2-Hexanone [HEAST EPA ( 1993b) indicates that 2-Hexanonedau are inadequate for quantitative risk assessment].

Superfund Technical Support Center (EPA 1991a).

eVelue based on taste threshold, expressed as mg/L.

L = Low

= Medium

H = High
RID = Reference Dose

ND = Not determined

STSC = Superfund Technical Support Center

- - = Not applicable

C
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Table 6-21. Summary of Carcinogenic Toxicity Information
for Soil Contaminants of Potential Concern at the ERDF. (Sheet 1 of 3)

^
6

Contaminant Weight of Evidence

Classification
Type of Cancer Oral SFa Inhalation SFa External SFa

RADIONUCLIDES (pCi)-1 (pCi)-1 (pCi-yr/g)-1

Americium-241 A •8 2.4E-10 3.2E-08 4.9E-09

Barium-140 A -;g 2.7E-12 2.0E-12 5.4E-07

Beryllium-7 A -8 3.0E-14 2.7E-13 1.5E-07

Carbon-14 A -;8 9.0E-13 6.4E-15 b

Cerium-141 A :g 8.3E-13 8.4E-12 1.3E-07

Cerium-144 A ,19 6.1E-12 3.4E-10 2.5E-08

Cesium-134 A -$ 4.1E-11 2.8E-11 5.2E-06

Cesium-137 A -g 2.8E-I 1 1.9E-11 2.0E-06

Chromium-51 A -g 4.3E-14 3.OE-13 9.2E-08

Cobalt-58 A -g 1.6E-12 9.8E-12 3.3E-06

Cobalt-60 A -8 1.5E-11 1.5E-10 8.6E-06

Europium-152 A -8 2.1E-12 I.lE-l0 3.6E-06

Europium-154 A -8 3.OE-12 1.4E-10 4.IE-06

Europium-155 A -8 4.5E-13 1.8E-11 5.9E-08

Iron-59 A -8 2.8E-12 9.7E-12 4.1E-06

Manganese-54 A -8 1.1E-12 5.3E-12 2.9E-06

Nickel-63 A -8 2.4E-13 1.8E-12 b

Plutonium-238 A -8 2.2E-10 3.9E-08 2.8E-1I

Plutonium-239/240 A -8 2.3E-10 3.5E-08 2.7E-I1

Radium-226 A bane 1.2E-10 3.0E-09 6.OE-06

Ruthenium-103 A -g 9.0E-13 8.4E-12 1.5E-06

0
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Table 6-21. Summary of Carcinogenic Toxicity Information
for Soil Contaminants of Potential Concern at the ERDF. (Sheet 2 of 3)

03

o'

Contaminant Weight of Evidence
Classification

Type of Cancer Oral SF$ Inhalation SFa External SFa

Sodium-22 A -g 6.8E-12 4.8E-12 7.2E-06

Strontium-90 A -g 3.6E-11 6.2E-11 6

orium-228 A liver 5.5E-11 7.8E-08 5.6E-06

Thorium-232 A liver 1.2E-11 2.8E-08 2.6E-II

Tritium (hydnogen-3) A -g 5.4E-14 7.8E-14 Ib

Uranium (total)c A -g 2.8E-11 5.2E-08 3.6E-08

Zinc-65 A -g 8.5E-12 1.6E-11 2.0E-06

Zirconium-9S A -g 9.9E-13 1.08-11 2.5E-06

NORGAMC CONSTTTUENTS (mg/kg-d)-1 (mg/kg-d)-l NA

Arsenic A lung, skin 1.8E+00d,e 1.5E+OId,f NA

Beryllium B2 - 4.3E+00 8.4E+00d NA

dmium BI lung ND 6.3E+OOd NA

Chromium (as VI) A lung h 4.2E+01d NA

Nickel A lung ND 8.4E-0la,i NA

ORGANIC COMPOUNDS (mg/kg-d)-1 (mg/kg-d)-1 NA

Aroclor-12481 B2 liver 7.7E+OOd ND NA

Aroclor-1254t B2 liver 7.7E+00d ND NA

Aroclor-1260 B2 liver 7.7E+00d ND NA

Benz(a)anthracene B2 liver, lung 7.3E+0Ok - NA

Benzene A leukemia 2.9E-02d 2.9E-02d NA

Benzo(a)pyrene B2 gross tissue tumors 7.3E+00d - NA

Benzo(b)fluoranthene B2 liver, lung 7.3E+OOk NA

0
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Table 6-21. Summary of Carcinogenic Toxicity Information
for Soil Contaminants of Potential Concern at the ERDF. (Sheet 3 of 3),

N

^

Contaminant Weight of Evidence Type of Cancer Oral SFa Inhalation SFa External SFa
Classification

Benzo(k)Fluoran¢hene B2 liver, lung 73E+00k NA

Bis(2-ethylhexyl)phthalate B2 liver 1.4E-02d ND NA

Chloroform ,B2 hepatocellular carcinomas, kidney 6.1E-03d 8.1E-02d NA

Chrysene B2 liver, lung, lymph glands 73E+00k - NA

Dibenz(a,h)anthracene 02 lung, mammary 73E+00k - NA

Dieldrin 132 liver 1.6E+01d 1.6E+01d NA

Indeno(1,2,3-cd)pyrene B2 skin, lung/thorax 73E+o0k - NA

Methylene Chloride B2 - 7.5E-03d 1.6E-03d NA

Pentachlorophenol B2 hepatocellular carcinomas 1.2E-01d - NA

richloroethene G4B21 - 1.1E-021 6.0E-031 NA

All radionuclide slope factors are from Health Effects Summary Tables (HEAST, EPA 1993b). Sources for other SFs are as indicated.
Not an external exposure hazard.

As urenium-238+D

Integrated Risk Information System (IRIS, EPA 1993a).
Based on the proposed arsenic unit risk of 5E-05 ug/L (IRIS, EPA 1993a).

I This slope factor is used for the amount inhaled, does not account for the 30% absorpti on of arsenic.

Carcinogenic effects of radioactive contaminants are based on effects of ionizing radiation generally. Human epidemiology data provide inadequate
evidence of carcinogenicity for these isotopes.

Not considered carcinogenic through this exposure pathway.
i Nickel as refinery dust is considered carcinogenic.

The potency of PCB cogeners vary greatly, Aroclor 1260 is assumed to be representative of all PCB cogener mixtures.
SF value for benzo(a)pyrene used as a surrogate based on structure-activity relationships.

1 Superfund Technical Support Center (EPA 1992c).

NA - Not applicable

ND = Not Determined

SF = Slope factor
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Table 6-22. Dermal Toxicity Values for Soil Contaminants
of Potential Concern.a (Sheet 1 of 2)

Contaminant GI Absorption Dermal
Fraction
(unitless) RfD SF

(mg/kg-d) (Ing/kg'd)-1

Organic Compounds

Aroclor-1248 9E-0 1b 8.6E+00

Aroclor-1254 9E-0Ib 8.6E+00

Aroclor-1260 9E-01b 8.6E+00

benz(a)anthracene 1E+00c 7.3E+00

enzene 1E+00d 2.9E-02

enzo(a)pyrene 1E+OOc 7.3E+00

enzo(b)fluoranthene 1E+00c 7.3E+00

enzo(k)fluoranthene 1E+00c 7.3E+00

uis(2-e'u`iylhexyi)phthaiate 1E+00c 2.OE-02 1.4E-02

hloroform 1E+OOd 1.0E-02 6.1E-03

hrysene 1E+00c 7.3E+00

ibenz(a,h)anthracene 1E+00c 7.3E+00

ieldrin 1E+00c 5.0E-05 1.6E+01

indeno(1,2,3-cd)pyrene 1E+00c 7.3E+00

methylene chloride 1E+OOd 6.OE-02 7.5E-03

entachlorophenol 1E+OOe 3.OE-02 1.2E-01

ichloroethene 1E+00d 6.OE-03 1.1E-02

vinyl chloride 1E+00d 1.9E+00

inorganic Constituents

aluminum IE-02f 1.0E-02

ammonia- -- - ------- no toxicity values

antimony 1E-02t 4.OE-06

arsenic 5E-0If 1.5E-04 4.OE+00

azium IE-01f 7.OE-03

beryllium 5E-03f 2.5E-05 8.6E+02
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iuoie 6-22. Demai Toxicity Values for Soil Contaminants
of Potential Concem. a(Sheet 2 of 2)

Contaminant GI Absorption Dermal

(unitless) RfD SF
(mg/kg-d) (mg/kg-d)-1

cadmium (food) 5E-02f 5.OE-05

hromium (VI) 1E-0lf 5.OE-04

opper 5E-0lf 2.OE-02

ead - no toxicity values

manganese (food) IE-0lf 1.4E-02

mercury 2E-02f 6.OE-06

ickel 5E-02f I.OE-03

silver 5E-02f 2.5E-04

allium (oxide) 1E+00f 7.OE-05

anadium IE-02f 7.OE-05

inc 5E-01f 1.5E-01

°See Table 5-1 for ingestion toxicity values.
SRC 1991.

cAssumption. Data are not currently available to quantify absorption.
Assumption. Volatile contaminants are assumed to be completely absorbed.
Clement Associates 1989.
PA 1988b, Table 3.

GI = gastrointestial
RfD = reference dose
SF = slope factor
Note: Radionuclides are not evaluated for the dermal pathway.
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Table 6-23. Summary of Current Non-Radioactive Soil
Contaminant Risks.a (Sheet 1 of 2)

Contaminant Contaminant
HQ Total

Contaminant
ICR Total

Organic Compounds

Aroclor-1248 1E-04

Aroclor-1254 9E-05

Aroclor-1260 3E-05

enz(a)anthracene 2E-05

benzene 3E-07

benzo(a)pyrene 3E-04

enzo(b)fluoranthene 3E-05

enzo(k)fluoranthene lE-05

is(2-ethylhexyl)phthalate 2E-02 8E-07

hloroform 1E-04 8E-07

hrysene 5E-04

ibenz(a,h)anthracene 2E-05

ieldrin 5E-03 6E-07

indeno(i,2,3-cd)pyrene 2E-05

ethylene chloride 4E-03 1E-06

entachlorophenol 6E-04 3E-07

ichloroethene lE-03 2E-07

inyl chloride 2E-06

Inorganic Constituents

aluminum 2E+00

ammonia 3E+00

antimony 1E+00

arsenic 3E+00 2E-04

arium 2E+00

eryllium 3E-02 2E-04

admium 4E-01 7E-07

hromium 7E+00 4E-04
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Tabie 6-23. Summary of Current Non-Radioactive Soil
Contaminant Risks.a (Sheet 2 of 2)

Contaminant Contaminant
HQ Total

Contaminant
ICR Total

opper 3E+01

lead

anganese 9E-01

ercury 2E+00

ickel 1E+00

silver 1E+00

allium 1E+00

anadium 1E+00

inc 3E-01

otal -b 2E-03

aAssuming current residential exposure to maximum detected contaminant
concentrations. Exposure pathways include soil ingestion, dermal,
fugitive dust inhalation, and inhalation of volatiles.
Contatttiflaat H'Qs-are not-suts,metl-bemse theyrepresent different

critical effects

HQ = hazard quotient

CR = lifetime incremental cancer risk
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Table 6-24. Summary of Current Radioactive Soil
Contaminant Risks.a

Radionuclide Radionuclide ICR Total

ericium-241 2E-05

arium-140 SE-03

ryllium-7 3E-04

carbon-14 8E-07

erium-141 9E-06

erium-144 3E-07

esium-134 7E-03

esium-137 > 1E-02 (5E+00)

hromium-51 8E-06

bait-58 1E-03

obalt-60 > 1E-02 (2E+00)

uropium-152 > 1E-02 (3E+00)

uropium-154 > 1E-02 (9E-01)

uropium-155 1E-02

iydrogen-3 2E-06

ron-59 1E-04

manganese-54 5E-06

ckel-63 2E-05

lutonium-238 8E-05

lutonium-239/240 2E-03

dium-226 6E-03

[henium-103 4E-05

odium-22 2E-03

trontium-90b 9E-05

orium-228 - 2E-03

orium-232 8E-07

ranium (total) > 1E-02 (3E-02)

zinc-65 1E-05

zirconium-95 3E-05

otal > lE-02 (1E+01)

Assuming current residential exposure to maximum detected contaminant concentrations. Exposure
athways include soil ingestion, fugitive dust inhalation, and external exposure.

e produce ingestion ICR is 5E-03.
CR = lifetime incremental cancer risk
ote: ICR values greater than 1E-02 are reported as "> lE-02". ICR values in parentheses are

calculated using a linear cancer risk equation (Equation 6-5), and are not intended to represent
accurate cancer risk estimates.
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Table 6-25. Summary of Future Non-Radioactive Soil
Contaminants Risks.a (Sheet 1 of 2)

Contaminant Half-lifeb (yr) Future HQ
Total (2096)

Organic Compounds

Aroclor-1248

benzene
^^ ,^.....^.^....

^^ )fe^Q( <
C'D

benzOfblfhinrgnthenr.

CC

2:!,- bis(2-ethylhexyl)phthala
cw_,

-1^A•-,^: ------------ uiciuii^i

indeno(1,2,3-cd)pyrene

methylene chloride

pentachlorophenol

trichloroethene

vinyl rhlnride

Inorganic Constituents

ammonia

chloroform

chrysene

dibenz(a,h)anthracene

radmluiia - -- ^ --

1

10000

10000

10

10

100

in

lnn

10

10

10

10

ifi

10

1

10

10

in

-c

-d

-c

-c

-c

-c

r

2E-05

1E-07

-4E=06

4E-34

5E-07

8E-07

0E+00

3E-02

4E-U1

Future ICR
Total (2096)

1E-35

2E-08

2E-10

2E-08

6E-10

6E-10

4E-07

2E-08

5E- 10

2E-08

1E-37

2E-10

2E-10

iE-09

7E-07
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Table 6-25. Summary of Future Non-Radioactive Soil
Contaminants Risks.a (Sheet 2 of 2)

`'=
w j•••n

^"•^^4

r'S

l'3

.p„

$Y^.

Contaminant Half-lifeb (yr) Future HQ
- Total-(2096)

Future ICR

iatal{2v^6)

cttcvmitizu -c 7)w^UO 4^

coppsr:: -c 3^+171

lea'u c-

manganese -c 9E-01

inCfCU^ -c 2^i+A0

€t#C1te1 ;: c +#10

^t ? 4 :
-c

; .....

^t^IltWtt' c )xiTVS/

VBifat1111?t1 -c ^^+UO

7inr =C 3E-^v1

Total H 5E+01 1E-03

a Risk values decayed for 103 yr.
b From Table 4-5.
= Assumed not to degrade.

-a Ha1f-Iife-not avai}ahle;-asstxned to-completely-degrade. Ariunun;a converis
to nitrate under aerobic conditions (HSDB 1994).
HQ = hazard quotient
ICR = lifetime incremental cancer risk
Shading indicates contaminants of concern.
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Table 6-26. Summary of Future Radioactive Soil
Contaminant Risk.a (Sheet 1 of 2)

Radionuclide Ha1f-lifeb (yr) Future ICR Total (2096)

ericinm»24I 4.32E+02 2E 05 ::

- arin••r^•--1dl1 -• 1 cnC n1
0

eryllium-7 I . 46E-01 0

arbon-14 5.73E+03 7E-07

erium-141 8.90E-02 0

ermm-i44 7.7bE-Vi 0

esium-134 2.06E+00 6E-18

.. = iurn 137 3.02E+01 ^ tE 02 (iE E}1)

s -_* hromium-51 7.58E-02 0

a'- nhalr-58 1.94E-01 0,- ;
Q,._•, i 77F1l^

^tum IS^ 1.36E+01 ;lE {y2

opium-ZS^ 8.80E+00 3E.d14

uropium-155 4.96E+00 8E-09

ydrogen-3 1.23E+01 6E-09

iron-59 1.22E-01 0

anganese-54 8.57E-01 0

]cel 63 1.00E+02 1&-05

lutbnium 23$ 8.78E+01

ltitianium 23^^24i1 2.41E+04 ^(; p3

adium 226 <. 1.60E+03 bE-03

uituum228c.;; 1.41E+10c 3Efl4

thenium-103 1.08E-01 0

odium-22 2.60E+00 2E-15

trontium-^:: 2.86E+01 gE.{1&

o^um^Sc > 1.41E+ l0c ^E Q4

horium-232 1.41E+10 8E-07

^uranium (tutal^ 4.47E+09 ^ ..;: ^lE (f2 f3E021
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Table 6-26. Summary of Future Radioactive Soil
Contaminant Risk.a (Sheet 2 of 2)

ta

-

0.

Radionuclide I Half-lifeb (yr) I Future ICR Total (2096)

^inc-65 6.68E-01 0

ircetriutn-95) _L775E-0i i^

iotai > 1E-02 (SE-01)

aRisk values decayed for 103 yr.
From Table 4-6.
Assumed to be in equilibrium with thorium-232. Radium-228 and thorium-228
are evaluated using " + D " slope factors, thorium-232 soil concentration, and
thorium-232 half-life.
1The future ICR for strontium-90 via produce ingestion is 5E-04.
CR = lifetime incremental cancer risk
9ote: ICR values greater than 1E-02 are reported as "> IE-02". ICR values in
azentheses are calculated using a linear cancer risk equation (Equation 6-5), and

are not intended to represent accurate cancer risk estimates.
Nhading indicates contaminants of concern.
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Table 6-27. Future Risks Associated with Organic Contaminants in Soil
(500 and 10,000 yr).a

a±`.y;^**

C:^-,

aHalf-lives listed in Table 6-25.
HQ = hazard quotient
ICR = lifetime incremental cancer risk
Shading indicates contaminants of concern.

Contaminant Decay Time = 500 yr Decay Time = 10,000 yr

HQ Total ICR Total HQ Total ICR Total

Organic Compounds

oclor-1248 0 0 0 0

raclar iZS^L :: 0 0 4E-05

ractor IZb(f : : 0 3E-DS : : 0 ZE OS

enz(a)anthracene 0 2E-20 0 0

oenzene 0 2E-22 0 0

nz^a(a?pytette 0 FIr-0^:;; 0 3E-34

„etuo(b)fluora:^uene -- - 0 2E 20 0 0

benzo(k)fluoranthene 0 3E-07 0 8E-36

is(2-ethylhexyl)phthalate 2E-17 7E-22 0 0

hloroform 1E-19 7E-22 0 0

hrysene 0 5E-19 0 0

ibenz(a,h)anthracene 0 2E-20 0 0

ieldrin 5E-18 5E-22 0 0

indeno(1,2,3-cd)pyrene 0 2E-20 0 0

ethylene chloride 0 0 0 0

entachlorophenol 6E-19 3E-22 0 0

ichloroethene 9E-19 2E-22 0 0

v inyl chloride 0 tE-21 0 0

otal 3E-17 IE-04 0 6E-05
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Table 6-28. Future Risks Associated with Radioactive Contaminants in Soil
(500 yr and 10,000 yr).a (Sheet I of 2)



DOE/RL-93-99, Rev. 0

Table 6-28. Future Radioactive Contaminants in Soil
(in 500 yr and 10,000 yr).a (Sheet 2 of 2)

1...^^
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TAble 6-29, Sn;l-tn-rlanr Transfer Coefficients Used
for Organic Contaminants.

Transfer Coefficients

logKow Soil-to-Planta
(kg soil/kg plant)

Aroclor-1248 5.6 0.022

Aroclor-1254 6.47 7.1E-03

Aroclor-1260 6.11 0.011

benzo(a)anthracene 5.61 0.022

benzene 2.13 2.274

benzo(a)pyrene 6.04 0.012

benzo(b)fluoranthene 6.57 6.2E-03

benzo(k)fluoranthene 6.85 4.3E-03

bis(2-ethylhexyl)phthalate 5.11 0.043

chloroform 1.97 2.814

chrysene 5.61 0.022

dibenzo(a,h)anthracene 5.79 0.017

dieldrin 5.16 0.040

indeno(1,2,3-cd)pyrene 7.66 1.4E-03

methylene chloride 1.25 7.337

pentachlorophenol 5.06 0.046

trichloroethene 2.29 1.838

vinyl chloride 1.38 6.171

logKoR, = log octanol-water partition coefficient.
Source: Travis and Arms 1988.
aSoil-to-plant transfer coefficient (TCp) estimated using log TCp =
1.588 - 0.578 log Kow•
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Table 6-30. Soil-to-Plant Transfer Coefficient
for Inorganic Contaminants.

Transfer Coefficients

Soil-to-Seeds

aluminum 6.5E-04

antimony 3.0E-02

arsenic 6.0E-03

barium 1.5E-02

beryllium 1.5E-03

cadmium 1.5E-01

chromium (VI) 4.5E-03

^ rnPr--nar

lead 9.0E-03

manganese 5.0E-02

mercury 2.0E-01

nickel 6.0E-02

silver _ 1,OE-01

thallium 4.OE-04

vanadium 3.0E-03

zinc 9.OE-01

Source: Baes et al. 1984
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Table 6-31. Soil-to-Plant Factors for Radionuclide Contaminants.

..wi

a_*_T

r4z

Q*^.

Radionuclide Transfer Coefficients

Soil to Plant Seed Animal uptake

americium-241 2.5E-04 0.001

barium-140 1.5E-02 0.1

beryllium-7 1.5E-03 0.005

carbon-14 5.5E+00 1

cerium-141 4.0E-03 0.0003

cerium-144 4.OE-03 0.0003

cesium-134 3.OE-02 1

cesium-137 + D 3.OE-02 1

chromium-51 4.5E-03 0.1

cobalt-58 7.0E-03 0.3

cobalt-60 7.OE-03 0.3

europium-152 4.0E-03 0.001

europium-154 4.0E-03 0.001

europmm-1» 4."E-0"
. __.
0.001

hydrogen-3 4.8E+00 1

iron-59 1.0E-03 0.1

manganese-54 5.OE-02 0.1

j nickel-63 6.OE-02 0.05

piutaniuIjI-238 4.5E-03 0.001

plutonium-239/240 4.5E-03 0.001

radium-226 + D 1.5E-03 0.2

ruthenium-103 2.OE-02 0.05

sodium-22 5.5E-02 1

strontium-90 + D 2.5E-01 0.3

thorium-228 f D- 8.5F.-03 n,fNN12

thorium-232 8.5E-03 0.0002

uranium (total)(U-238+D) 4.OE-03 0.05

zinc-65 9.OE-01 0.5

zirconium-95 5.OE-04 0.002

Source: Baes et al. 1984, Coughtrey et al. 1985, Baker and Soldat 1992.
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Table 6-32. Parameters for Assessing Radiological Exposure
to the Great Basin Pocket Mouse.

..r°,

_` ^$

r^=t.

,.^

Radionuclide Radiological Biological Decay Direct Exposure Dose Factor
Half-life
(days)

Half-life
(days)

Energy
(mev/dis)

Immersion External

(mRad/y/µCi/g)

americium-241 157753 20000 5.51 1.47E+05 4.66E+04

arium-140 12.74 65 0.32 1.45E+06 1.10E+06

ryllium-7 53.3 180 0.0049 4.01E+05 3.07E+05

carbon-14 2091450 10 0.05 3.42E+01 1.43E+01

erium-141 32.501 563 0.174 5.93E+05 3.39E+05

erium-144 284.3 563 1.32 1.49E+05 7.65E+04

esium-134 752.63 115 0.259 1.28E+07 1.01E+07

-esiuli,-137 + D 10950 115 0.267 4.87E+06 3.85E+06

hromium-51 27.706 616 0.0028 2.57E+05 1.86E+05

balt-58 70.8 9.5 0.0905 8.OOE+06 6.36E+06

obalt-600 1923.915 9.5 0.237 2.13E+07 1.73E+07

uropium-152 4865.45 635 0.12 9.60E+06 7.48E+06

europium-154 3212 635 0.311 1.03E+07 8.19E+06

europium-155 1810.4 635 0.064 4.37E+05 1.94E+05

ydrogen-3 4507.75 10 0.0058 0.00 0.00

iron-59 44.529 800 0.191 1.01E+07 8.15E+06

manganese-54 312.5 17 0.0514 6.93E+06 5.50E+06

nickel-63 35040 667 0.0176 0.00 0.00

plutonium-238 32025.1 65000 5.51 8.87E+02 1.61E+02

plutonium-239/240 8783725 65000 5.15 8.67E+02 1.57E+02

radium-226 + D 584000 8100 11 1.50E+07 1.19E+07

ruthenium-103 39.28 7.3 0.125 3.81E+06 2.93E+06

sodium-22 949.73 11 0.325 1.83E+07 1.46E+07

s rontium-90 + D 10628.8 4000 1.14 2.94E+04 2.62E+04

thorium-228 + D 698 57000 5.6 1.36$+07 1.09E+07

thorium-232 5.1465E+12 57000 4.1 1.55E+03 5.56E+02

ranium (total)

(U-238+D)
1.6308E+12 100 4.3 1.59E+07 1.24E+07

zinc-65 243.9 933 0.0386 4.90E+06 3.95E+06

zirconium-95 63.98 450 0.254 6.09E+06 4.82E+06

Source: Baker and Soldat 1992, ICRP 1959.
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Table 6-33. Estimated Concentrations of Organic Contaminants in Environmental
Media Used to Estimate Intake Rates for the Great Basin Pocket Mouse.

Contaminant Vegetation
mg/kg (wet)

Aroclor-1248 7.2E-02

Aroclor-1254 1.4E-02

Aroclor- 1260 8.4E-03

benzo(a)anthracene 1.3E-02

benzene 1.4E-01

benzo(a)pyrene 1.1E-01

benzo(b)fluoranthene 4.7E-03

benzo(k)fluoranthene 1.0E-03

bis(2-ethylhexyl)phthalate 4.6E-01

chloroform 7.2E-02

chrysene 3.0E-01

dibenzo(a,h)anthracene 9.5E-03

dieldrin 2.7E-04

indeno(1,2,3-cd)pyrene 7.4E-04

mnthylene c!:loride 1.1E+01

pentachlorophenol 2.2E-02

trichioroethene 2.3E-01

vinyl chloride 4.7E-02
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Table_6-34.-Estimated Inozganic_CnntaminantCancentrar.ions in-Envirnm,,,Pntal n,ieAia Used
to Estimate Intake Rates for the Great Basin Pocket Mouse.

Contaminant Vegetation (seeds)
mg/kg (wet)

aluminum 16

antimony 0.18

arsenic 0.12

barium 20

beryllium 0.0023

cadmium 1.4

chromium (VI) 3.6

copper 7,624

lead 2.2

manganese 49

-`.; - - i ^ A- ^

nickel 34

J11 VCI'--- 12

thallium 0.0007

vanadium 0.37

zinc 1,774
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Tab!e 6-35<---Estimated_Activitiesof Radlio!ogical r^^•-^^:^. .. ....ants in Environmental
-- ::edia Used to Estimate Intake Rates for the Great Basin Pocket Mouse.

^--...^
^-:

^;..

I

Contaminant Vegetation (seeds)
(Ci/kg) Wet Wt.

americium-241 2.7E-12

barium-140 1.9E-09

beryllium-7 4.3E-11

carbon-14 1.9E-06

cerium-141 3.8E-12

cerium-144 6.4E-13

cesium-134 5.4E-10

cesium-137 + D 1.1E-06

chromium-51 5.OE-12

cobalt-58 3.2E-11

cobalt-60 2.5E-08

europium-152 - -- 3.7E-08

europium-154 1.2E-08

europium- 155 1.2E-08

--ydrogen-3 -4.4E-05

iron-59 3.2E-13

manganese-54 1.1E-12
nickel-63 1.2E-6
plutonium-238 2.OE-10
plutonium-239/240 4.OE-09
radium-226 + D 2.0E-11
ruthenium-103 6.4E-12
sodium-22 1.7E-10
strontium-90 + D 1.6E-07
thorium-228 + D 4.6E-11
thorium-232 9.7E-12
uranium-238+D (total) 2.7E-08

zinc-65 8.6E-11
zirconium-95 9.0E-14
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Table 6-36. Estimated Intakes and Hazards to Great Basin Pocket Mouse Due to
Ingestion of Organic Contaminants.

Intake from
vegetation
(mg/kg-d)

Adjusted
Wildlife
NOAEL

(ragikg-daY)

Environmental
Hazard
Quotient

I^HQ)

Exceeds
EHQ of 1

Aroclor-1248 2.05E-02 1.66E-01a 0.1 no

Aroclor-1254 4.12E-03 1.66E-01a 0.1 no

Aroclor-1260 2.39E-03 1.66E-01a 0.0 no

benzo(a)anthracene 3.64E-03 NA NA

benzene 3.94E-02 6.26E+00a 0.0 no

benzo(a)pyrene 3.08E-02 1.08E-02a 3 yes

benzo(b)fluoranthene 1.35E-03 NA NA

benzo(k)fluoranthene 2.95E-04 NA NA

bis(2-ethylhexyl)phthalate 1.3E-01 1.57E+00a 0.1 no

chloroform 2.05E-02 2.25E+Ola 0.0 no

chrysene 8.69E-02 NA NA

dibenzo(a,h)anthracene 2.7E-03 NA NA

dieldrin 7.72E-05 5.00E-04b 0.2 no

indeno(1,2,3-cd)pyrene 2.11E-04 NA NA

methylene chloride 3.01E+00 1.47E+Ola 0.2 no

pentachlorophenol 6.30E-03 7.38E+00a 0.0 no

trichloroethene 6.54E-02 1.89E+02a 0.0 no

vinyl chloride 9.22E-02 NA NA

D-ata Sources for NOAELS:
aOpresko et al. 1993
bIRIS (EPA 1993a).
NA - Not available
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Table_6-37_._Estimated Intakes and Hazards to the Great Basin Pocket Mouse
from Ingestion of Inorganic Contaminants.

.^-;.,J

C?,

Mouse (inorganic)

Intake from
vegetation
(mg/kg-day)

Wildlife
NOAEL

(mg/kg-day)

Environmental
Hazard
Quotient
(EHQ)

Exceeds
EHQ of 1

aluminum 4.65E+00 1.06E-01 4 yes

antimony 5.09E-02 8.61E-02 0.6 no

arsenic 3.4E-02 1.08E-01 0.3 no

barium 5,83E+00 1.28E+00 5 yes

beryllium 6.43E-04 1.36E+00 0.0 no

cadmium 3.9E-01 5.29E-01 0.7 no

chromium (VI) 1.03E+00 6.04E+00 0.2 no

copper 2.17E+03 1.86E-01 11,686 yes

lead 6.13E-01 1.97E+00 0.3 no

manganese 1.39E+01 2.02E+00 7 yes

mercury 6.75E-01 6.07E+02 11 yes

nickel 9.58E+00 6.07E+01 0.2 no

silver 3.30E+00 2.19E+01 0.2 no

thallium 1.97E-04 NA NA

vanadium 1.06E+01 4.4E-01 0.2 no

zme 5.06E+002 L•44E+V1 21 yes

Data Sources for NOAELS: Opresko et al. 1993
NA - Not available
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Table 6-38. Estimated Doses and Hazards to the Great Basin Pocket Mouse
from Ingestions and Exposure to Radionuclide Contaminants.

.a

^.^

Radionuclides Great Basin Pocket Mice

Ingestion External Exposure
Dose Rate Burrowing Surface Total
(rad/day)

(rad/day)

americium-241 0.00 0.00 0.00 0.00

arium-140 0.00 0.00 0.00 0.00

eryllium-7 0.00 0.00 0.00 0.00
azbon-14 0.01 0.00 0.00 0.00

-erium-141 0.00 0.00 0.00 0.00
Priutn-144 ----- 0.00 0.00 0.00 0.00

' ... tOA
eJ-ntl^^-1JY

nAA
V.VY

/^/N1-
V.W V.W0.00 V.W

:esium-137 + D 0.60 1.03 0.07 1.10

hrornium-51 0.00 - 0.00 0.00 0.00

obalt-58 0.00 0.00 0.00 0.00

obalt-60 0.17 0.45 0.03 0.48
urooium-152 0.00 0.53 0.04 0.57

Far3pium-i54 O.W - "V.18 v.01 0.19

uropium-155 0.00 0.01 0.00 0.01

ydrogen-3 0:05 0.00 0.00 0.00
ron-59 0.00 0.00 0.00 0.00
anganese-54 0.00 0.00 0.00 0.00

- -ickel-63 0.05 0.00 0.00 0.00

lutonium-238 0.00 0.00 0.00 0.00

lutonium-239/240 0.01 0.00 0.00 0.00

adium-226 + D 0.11 0.00 0.00 0.00

thenium-103 0.00 0.00 0.00 0.00
odium-22 0.00 0.00 0.00 0.00
trontium-90 + D 0.28 0.00 0.00 0.00
orium-228 + D 0.00 0.00 0.00 0.00
orium-232 0.00 0.00 0.00 0.00

ranium-238+D (total) 0.01 0.61 0.04 0.65

zinc-65 0.00 0.00 0.00 0.00

zirconium-95 0.00 0.00 0.00 0.00
OTAL 0.96 2.81 0.19 3.00
otes: Shaded values exceed critical dose rate of 1 rad/day; values less than 0.005 recorded as
00.
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Table 6-39. Estimated Current and Future Environmental Hazard Quotient for
the Great Basin Pocket Mouse from Ingestion of Organic Contaminants.

Contaminant Ha1f-lifea Current

b
Future EHQ at

6
Future EHO at

b
Future EHQ

rganic
(yr) EHQ 103 years 500 years at 10,000

yearsb

nroclcr-1248- 1 0.1 0.0 0.0 0.0

Aroclor-1254 10,000 0.0 0.0 0.0 0.0

Axoclor- 10,000 0.0 0.0 0.0 0.0

enz(a)anthracene 10 ND ND ND ND

enzene 10 0.0 0.0 0.0 0.0

nzo(a)pyrene 100 2.9 1.4 0.1 0.0

nm(b)fluoranthene 10 ND ND ND ND

benzo (k)fluoranthene 100 ND ND ND ND

is(2-ethylhexyl)phthalate 10 0.1 0.0 0.0 0.0

hloroform 10 0.0 0.0 0.0 0.0

hrysene 10 ND ND ND ND

l ibenz(a,h)anthracene 10 ND ND ND ND

ieldrin in 0.02 0.0 0.0 0.0

deno(1,2,3-cd)pyrene 10 ND ND ND ND

thylene chloride 1 0.02 0.0 0.0 0.0

entachlorophenol 10 0.0 0.0 0.0 0.0

chloroethene 10 0.0 0.0 0.0 0.0

inyl chloride 10 ND ND ND ND

otes:

'Half-lives based on values from Table 4-5.
'Based on seed ingestion.

= Not determined

Q = Environmental Hazard Quotient

c^ in
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Table 6-40. Estimated Current and Future Dose to the Great Basin Pocket Mouse
from Ingestion of and External Exposure to Radionuclides. (Sheet 1 of 2)

Contaminant Halflife
(yr)

Current
Dose from
Ingestion
(rad/day)

Future
Dose at
103 years
(rad/day)

Future
Dose at
500 years
(rad/day)

Future
Dose at

10,000 years
(rad/day)

americium-241 4.32E+02 0.0 0.0 0.0 0.0

barium-140 3.50E-02 0.0 0.0 0.0 0.0

beryllium-7 1.46E-01 0.0 0.0 0.0 0.0

carbon-14 5.73E+03 0.0 0.0 0.0 0.0

:°rr,jm°141 - 8.9vE-02 V.V - -- 0.0 0.0 0.0

cerium-144 7.78E-01 0.0 0.0 0.0 0.0

cesium-134 2.06E+00 0.0 0.0 0.0 0.0

cesium-137 3.02E+01 0.6 0.1 0.0 0.0

chromium-51 7.58E-02 0.0 0.0 0.0 0.0

cobalt-58 1.94E-01 0.0 0.0 0.0 0.0

cobalt-60 5.27E+00 0.0 0.0 0.0 0.0

europium-152 1.36E+01 0.0 0.0 0.0 0.0

europium-154 8.80E+00 0.0 0.0 0.0 0.0

europium-155 4.96E+00 0.0 0.0 0.0 0.0

hydrogen-3 1.23E+01 0.1 0.0 0.0 0.0

iron-59 1.22E-01 0.0 0.0 0.0 0.0

manganese-54 8.57E-0 1 0.0 0.0 0.0 0.0
n:rLol_^? _-

^..v.+
i nnn -nn
.I.WL.+VL V.V

^.-
0.0--

- - -
V.V 0.0

plutonium-238 8.78E+01 0.0 0.0 0.0 0.0

plutonium-239/240 2.41E+04 0.0 0.0 0.0 0.0

radium-226 1.60E+03 0.0 0.0 0.0 0.0

ruthenium-103 - - 1_08E-01 0.0 0.0 0.0 0.0

sodium-22 2.60E+00 0.0 0.0 0.0 0.0

strontium-90 2.86E+01 0.3 0.0 0.0 0.0

thorium-228 1.91E+001 0.0 0.0 0.0 0.0

thorium-232 1.41E+10 0.0 0.0 0.0 0.0

uranium (total) 4.47E+09 0.0 0.0 0.0 0.0

zinc-65 6.68E-01 0.0 0.0 0.0 0.0

zirconium-95 1.75E-01 0.0 0.0 0.0 0.0
Scenario based on seed ingestion. -
Values less than 0.05 reported as 0.0.
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Table 6-40. Estimated Current and Future Dose to the Great Basin Pocket Mouse
from Ingestion of and External Exposure to Radionuclides. (Sheet 2 of 2)

Contaminant Halflife
(yr)

Current
Dose from
External
Exposure-
(rad/day)

Future
Dose at
103 years
(rad/dayJ

Future
Dose at
500 years
(rad/day)

Future
Dose at

10,000 years
(rad/day)

americium-241 4.32E+02 0.0 0.0 0.0 0.0

barium-140 3.50E-02 0.0 0.0 0.0 0.0

beryllium-7 1.46E-01 0.0 0.0 0.0 0.0

carbon-14 5.73E+03 0.0 0.0 0.0 0.0

cerium-141 8.90E-02 0.0 0.0 0.0 0.0

cerium-144 7.78E-01 0.0 0.0 0.0 0.0

cesium-134 2.06E+00 0.0 0.0 0.0 0.0

cesium-137 3.02E+01 1.1 0.1 0.0 0.0

chromium-51 7.58E-02 0.0 0.0 0.0 0.0

cobalt-58 1.94E-01 0.0 0.0 0.0 0.0

cobalt-60 5.27E+00 0.5 0.0 0.0 0.0

europium 132 1.36E+01 v0.6 "v.0 - 0.0 0.0

europium-154 8.80E+00 0.2 0.0 0.0 0.0

europium-155 4.96E+00 0.0 0.0 0.0 0.0

bydrogen-3 1.23E+01 0.0 0.0 0.0 0.0

iron-59 1.22E-01 0.0 0.0 0.0 0.0

manganese-54 8.57E-0 1 0.0 0.0 0.0 0.0

nickel-63 1.00E+02 0.0 0.0 0.0 0.0

plutonium-238 8.78E+01 0.0 0.0 0.0 0.0

plutonium-239/240 2.41E+04 0.0 0.0 0.0 0.0

radium-226 1.60E+03 0.0 0.0 0.0 0.0

ruthenium-103 1.08E-01 0.0 0.0 0.0 0.0

sodium-22 2.60E+00 0.0 0.0 0.0 0.0

strontium-90 2.86E+01 0.0 0.0 0.0 0.0

thorium-228 1.91E+00 0.0 0.0 0.0 0.0

thorium-232 1.41E+10 0.0 0.0 0.0 0.0

uranium (total) 4.47E+09 0.6 0.6 0.6 0.6

zinc-65 6.68E-01 0.0 0.0 0.0 0.0
zirconium-95 1.75E-01 0.0 0.0 0.0 0.0

Scenario based on seed ingestion.
Values-lessshaa-0.05reported as 0.0. - ^
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Table 6-41. Non-Radioactive Contaminant Human Health Risks for the 500-Year
Drilling Scenario

Contaminant HQ ICR

Organic

Aroclor-1248 OE+00 OE+00
Aroclor-1254 0E+00 9E-08
Aroclor-1260 OE+00 3E-08
benz(a)anthracene 0E+00 2E-23
benzene 0E+00 2E-25
benzo(a)pyrene 0E+00 1E-08
benzo(b)fluoranthene OE+00 3E-23
benzo(k)fluoranthene OE+00 3E-10
bis(2-ethylhexyl)phthalate 2E-20 7E-25
chloroform IE-22 7E-25
chrysene 0E+00 5E-22
dibenz(a,h)anthracene 0E+00 2E-23
dieldrin 5E-21 5E-25
indeno(1,2,3-cd)pyrene 0E+00 2E-23
methylene chloride 0E+00 0E+00
pentachlorophenol 6E-22 3E-25
uichloroe.hene 9E-22 2E-25
vinyl chloride OE+00 1E-24

Inorganic

aluminum 2E-03 0E+00
ammonia 3E-03 0E±00
antimony 1E-03 0E+00
arsenic 3E-03 2E-07
barium - -- 2E-^v3 0"E+00
beryllium 3E-05 2E-07
cadmium 4E-04 7E-10
chromium 7E-03 4E-07
copper 3E-02 OE+00
lead 0E+00 0E+00
manganese 9E-04 0E+00
mercury 2E-03 0E+00
nickel IE-03 OE+00
silver 1E-03 0E+00
thallium 1E-03 0E+00
vanadium 1E-03 0E+00
zinc 3E-04 OE+00

Total 5E-02 9E-07

HQ = Hazard Quotient
ICR = Lifetime Incremental Cancer Risk
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Table 6-42. Radionuclide Human Health Risks for the 500-Year Drilling Scenario.

RADIONUCLIDES ICR

americium-241 1E-08

barium-140 0E+00

beryllium-7 OE+00

carbon-14 7E-10

cerium-141 0E+00

cerium-144 OE+00

cesium-134 OE+00

cesium-137 5E-08

chromium-51 0E+00

cobalt-58 OE+00

cobalt-60 6E-32

europium-152 2E-14

europium-154 7E-21

europium-155 6E-36

hydrogen-3 tE-21

iron-59 OE+00

mana-__°_.'.vanrcr-Sd
_--_

nr ^ nn

nickel 63 6E-10

plutonium-238 2E-09

plutonium-239/240 2E-06

radium-226 5E-06

radium-228a 2E-07

ruthenium-103 0E+00

sodium-22 3E-64

strontium-90b 5E-13

thorium-228a 5E-07

thorium-232 8E-10

uranium (total) 3E-05

zinc-65 0+00

zirconium-95 0+00

Total ICR 3E-05

a Assumed to be in equilibrium with Th-232.
ICR = Lifetime Incremental Cancer Risk.
b The produce ingestion ICR for strontium-90 is 3E-1 1.
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Ta61aICd4innrnoni^!`o.m.....:nantRlsksto__....._ ......b....... „

Environmental Receptors for the 500-Year Drilling Scenario

.F-'.

.^., s

Q^^

Contaminant Environmental Hazard Quotient (EH^

aluminum 0.04

antimony 0.00

arsenic 0,00

barium 0.00

beryllium 0,00

cadmium 0,00

11L1Vtilllllll tY1^-- 0.00

copper 12

lead 0.00

manganese 0.01

mercury 0.01

nickel 0.00

silver 0.00

thallium NE

vanadium 0.00

zinc 0.02

Notes: NE = not evaluated
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7.0 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES

Development of remedial action objectives (RAOs) is the initial activity of a feasibility
study (FS). The primary purpose of RAOs is to focus the development, screening, and analysis of
remedial alternatives to ensure that they are protective of human health and the environment.-----
RAOsare based on a vasietyaf factors (described-in Sectien-?.2),-of which the pr;.ma^y drivers are
applicable or relevant and appropriate requirements (ARARs). Section 7.1 includes a discussion of
che,;,ical, location, and action specific ARARs that may be pertinent to the remedial alternatives
developed and evaluated in later chapters. The chemical-specific ARARs were also used for
constituent-screening performed in Chapter 5.0. Remedial action objectives (RAOs) for the ERDF
are developed in Section 7.2.

7.1 POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIItEMENTS

This section consists of a review of potential federal and state applicable or relevant and
-appropr-rate requirements (ARARs) which may be pertinent to the siting, design; operation and
closure of the ERDF. The ARARs development process is based on CERCLA guidance (EPA
1988a and EPA 1988c). The review of ARARs included herein is an update of the preliminary

^„^: .._........ ...........° ARAR_ identiFcari,,,, „rP-ted in the Regulatory Strategy for Macro Engineering Implementation- --- - ----- -
(Lauterbach 1992). Identification of ARARs is directlyimpacted by characteristics of the site,
contaminants present, and remedial_alternatives develoned. therefQle, Qnly-ipecific sections of the
regulations may be ARAR. The identification of ARARs will be refined following identification of

-^---' -'•----•'-n n/^/nrrrii wnr.rnwrvn

Section 121 (d) of CERCLA, as amended, establishes cleanup standards for remedial
actions. This section requires that any applicable or relevant and appropriate standard,
requirement, criteria or limitation under any federal environmental law, or any more stringent state
requirement promulgated pursuant to a state environmental statute, be met for any hazardous
substance, pollutant, or contaminant remaining on-site. A requirement promulgated under other
environmental laws may be either "applicable" or "relevant and appropriate", but not both.
IdentifZcationef-ARARs-must-be-done on-a-site-specific basis-and-invoives-atwo-paet-anaiysis:
first, a determination is made whether a given requirement is applicable; then if it is not applicable,
a determination is made whether it is nevertheless both relevant and appropriate. The EPA
guidance also includes To-Be-Considered (TBC) materials which are advisories and non-
promulgated guidance issued by federal or state governments that are non-statutory requirements
evaluated along with ARARs as part of the risk assessment used to establish protective cleanup
limits. These standards will be evaluated for use as performance criteria for siting, design,
^

_..1 _l..-.-- _L11_ TTTTp^iSiion a.w.. cWsutc V1 ute nwr.

The EPA may waive ARARs and select a remedial action that does not attain the same
level of cleanup as identified by ARARs. Section 121 (d)(4) of CERCLA identifies six
circumstances where EPA may waive ARARs for on-site remedial actions. The six circumstances
are:

^-- --^ ---^- -------- ^-------The-remedtal3C,tion-select^i9-Only-a part-of a-totni re/icdiai 8i;tiGn (3uch
as an interim action) and the final remedy will attain the ARAR upon its
completion.

-,,^-,
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• Compliance with the ARAR will result in a greater risk to human health
and the environment than alternative options.

• Compliance with the ARAR is technically impracticable from an
engineering perspective.

• An alternative remedial action will attain an equivalent standard of
performance through the use of another method or approach.

• The ARAR is a state requirement that the state has not consistently applied
(or demonstrated the intent to apply consistently) in similar circumstances.

• In the case of Section 104, Superfund-financed remedial actions,
eo,,pliar,ce with'u`.e ARAR will not provide a balance between protecting
human-health-and-the environmenrand-the-avallability-of-Superfund-money
for response at other facilities.

The different types of requirements that CERCLA actions may have to comply with are
identified as chemical-specific, location-specific and action-specific ARARS. The following
definitions are excerpts from EPA guidance in CERCLA Compliance with Other Laws Manual:
Interim Final (EPA 1988c). However, some requirements may not fall neatly into the classification
system.

Chemical-specific reauirements are usually health- or risk-based numerical values or
methodologies which, when applied to site-specific conditions, result in the establishment of
numerical values. These numbers establish the acceptable amount or concentration of a
chemical that can be found in, or discharged to the ambient environment.

Location-specific requirements are restrictions placed on the concentration of hazardous
substances or the conduct of activities because they occur in special or sensitive locations or
environments.

Action-specific requirements are those that place either technology-based or activity-based
requirements on remedial actions at CERCLA sites.

Federal and state regulations along with other guidance were evaluated as potential ARARs
and TBC materials. Tables 7-1 and 7-2 present the full list of laws and regulations that were
evaluated as potentially applicable or relevant and appropriate requirements for management of
Hanford Site remediation waste at the ERDF. The following discussion of ARARs focuses only on
the most significant potential ARARs.

7.1.1 Chemical-Specific ARARs

Chemical-specific ARARs may be federal, state statutory or regulatory requirements and
other guidance that identify acceptable health- or risk-based contaminant levels for different media
known to be co,-taminated. Chemical-specific ARARs may be used as criteria during ERDF
performance evaluations. The list of contaminants of concern established in Chapter 5 was used to
identify potential chemical-specific ARARs.

7-2
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7.1.1.1 Federal Chemical-Specifc ARARs. Federal chemical-specific requirements, criteria, or
guidance for the contaminants of concern identified at the Hanford Site are listed in Table 7-1.

National Primary Drinking Water Regulations - 40 CFR 141

The National Primary Drinking Water Regulations (40 CFR 141) promulgated under the
Safe Drinking Water Act (SDWA) establish maximum contaminant level goals (MCLGs) and
maximutncontamir.ant levels (IvMCL-s) forcomnta:ty drinking water systems. MCLs and MCLGs
have been established for a large number of both non-radioactive contaminants and radionuclides.
The regulations are not applicable to the ERDF because Hanford Site ground and surface waters
are not used as public drinking water supplies. However, the regulations may be considered
relevant and appropriate to the ERDF as performance criteria for groundwater protection. Section
300.430 (e)(2)(i)(B) of the NCP states that remedial actions for ground or surface water that are
current or potential sources of drinking water shall attain standards established under the SDWA,
where the MCL or MCLG is relevant and appropriate to the circumstances of the release.
Although groundwater affected by the Hanford Site is not currently used for drinking, it could be
used in the future if the site is released from institutional controls. If portions of the Hanford Site
convert to other land uses, and the ground and/or surface water is considered as a potential source
of drinking water, the operation of the ERDF must be protective of ground and surface water.
There is also potential for groundwater beneath the ERDF site to discharge to the Columbia River
which is used for drinking water. Design, operation and closure of the ERDF needs to prevent

° migration of contaminants from soils to groundwater at concentrations that cause the groundwater
to exceed MCLGs and MCLs. Drinking water MCLGs and MCLs for radionuclide and non-
radionuclide contaminants of concern are listed in Tables 7-3 and 714.

National Secondary Drinking Water Regulations - 40 CFR 143

The National Secondary Drinking Water Regulations control contaminants in drinking
water that primarily affect aesthetic qualities of the water that relate to public acceptance. These
regulations are not applicable to the ERDF because they are not federally enforceable. However,
ur.der Washi;,gto:. Staw res^lations (173-340-720(2)(9)(ii)) they are a potential ARAR because the
regulation specifies secondary maximum contaminant levels (SMCLs) as cleanup standards.

Resource Conservation and Recovery Act - Title 42 USC 6901 et seq

ihe Resource Conservation and Recovery Act (RCRA) regulates the generation,
transportation,storage,treatment and disposal of hazardous waste. These regulations also provide
authority for the cleanup of spills and environmental releases of hazardous waste to the
environment as a result of past practices. Hazardous waste management regulations promulgated
pursuant to RCRA are codified at 40 CFR 260 through 270. Washington State Dangerous Waste
Regulations implement the federal hazardous waste regulations and are administered by the
Washington State Department of Ecology (Ecology).

Regulations established under RCRA are applicable to the ERDF as chemical-specific
ARARs because the facility may generate hazardous waste. Operation and design requirements for
hazardous waste management facilities in the RCRA regulations are discussed in Section 7.1.3.1,
as they are action-specific ARARs. In addition, RCRA regulations for solid waste include
groundwater protection standards in 40 CFR 264.92 that establish three remediation levels of
groundwater protection: background, MCLs, or alternate concentration levels (ACLs). MCLs are
set at the same levels as SDWA MCLs and where no SDWA MCL has been set, health based
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ACLs may be established that are protective of human health and environment. Criteria for
Classification of Solid Waste Disposal Facilities and Practices (40 CFR 257) establish groundwater
protection requirements for solid waste disposal facilities at the same level as MCLs published
under 40 CFR 141.

National Primary and Secondary Ambient Air Quality Standards - 40 CFR 50

_ National primary and secondary ambient air quality standards were established pursuant to
the Clean Air Act in order to protect air quality and maintain public health. The EPA has
promulgated national primary air quality standards for six criteria pollutanss; sulfur oxides,
particulate matter, carbon monoxide, ozone, nitrogen dioxide, and lead. The requirements of this
standard are applicable because potential airborne emission of particulates or lead may result during
operation of the facility. Under the Clean Air Act, states are required to develop State
Implementation Plans that outline how the state will implement, maintain and enforce the national
ambient air quality standards (NAAQS). Upon EPA approval, State plans become enforceable, and
state requirements may become federal requirements.

NatiQqa( EtnissioR Standard.c for Hazar^im^c Air Pnlhitants - 40 CFR 61

The Clean Air Act directs the EPA to develop and periodically revise a list of National
Emission Standards for Hazardous Air Pollutants (NESHAPs). Hazardous air pollutants are air
contaminants thataffect-human welfare for-whichno ambient-airqualitystandard exists. The
NESHAPs are promulgated for emissions from specific sources, and only the NESHAPs
established for radionuclide emissions from DOE facilities are applicable to the ERDF. The
remaining NESHAPs may be considered relevant and appropriate to the ERDF if operation of the
facility incorporates operations similar to operations associated with the sources identified in the
NESHAP.

EPA standards for radionuclide emissions from facilities owned and operated by DOE
under40-£FR 61.90; -Natiana E nission Standards €or Ha..ardous Air Pcllutants are potentially

----applieablebeca3se rad;rnu. lidems will be present in wastes managed at the facility and there is
potential for airborne release. The regulation establishes general radiation dose limits to members

^n . ^a ^ l.
air

L ^
DOE C--: i---------- ------------- f-tlte-p3bliC-ffBm-r-adio..l.Clfues-emYticd into tueaii «o,,, ,^vn ^ac^lties. The dose equivalent rate

to any member of the public shall not exceed 25 mrem/yr to the whole body or 75 mrem/yr to any
critical organ. Also, no member of the public may receive a continuous exposure, excluding
natural background and medical exposure, of more than 100 mrem/yr effective dose equivalent and
a noncontinuous exposure of more than 500 mrem/yr effective dose equivalent from all sources.

Environmental Radiation Protection Standards for the Management and Disposal of Spent
!iuelear Feel. -H1gh-Ixve1 and Traruiua,dc aadioactive 'r'raste - 40 CFR 191

The final rule published in the December 20, 1993 Federal Register (58 FR 66398)
establishes a 10,000 year performance standard for groundwater protection for radioactive waste
disposal facilities regulated under the Environmental Radiation Protection Standards for the

m .!_ : 1 G C_-^^- 1T g T . __ ___. ^, _.,•',ag^=.,@t!E-;uR^D.spissar{SL ^p,e.s-:vne3edf-Ftir,l,-1^3^h-Lel'B7,-dliu Trai^u.a,i;c tcawoac[ive Waste
440 £FR iSlj: Requiremer,u of the €inal ruie are effective January 20, 1994. The requirements of
40 CFR 191 are not applicable or relevant and appropriate requirements to ERDF because
remediation waste to be disposed at the ERDF does not meet the definition of waste subject to the
regulation. However, the Tri-Party Agreement between DOE, Ecology and EPA identifies 10,000
yrsas a long-term performance standard for protection to be used as a parameter in the ERDF risk
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assessments. Groundwater protection standards established under the regulation specify that
disposal systems shall be designed so that for 10,000 yr after disposal, they shall not cause the
levels of radioactivity to exceed the limits specified in 40 CFR 141 (as the limits exist on the date
She-implementing agency determines compliance). Under the final rule, disposal methods would be
-requir@d to li:tit radiatiottexposure-to-an individualfor-ari undistcir`ue<i periorrnance period of
10,000 years to no more than 15 mrems committed effective dose (CED) per year. The CED is
the risk-weighted sum of the doses to the individual organs of the body. If compliance assessments
ir,dicate that a disposal system design will fail to meet the 10,000-year individual dose standard,
more robust engineered barriers to control releases of radionuclides may be required.

Health and Environmental Protection Standards for Uranium and
Thorium iviill-TatYings = 40 Crx i5rz

Requirements of 40 CFR 192, Health and Environmental Protection Standards for Uranium
_and_TllonumMlll_TaSlingS,are.-potennallyrelevant-audappropiiate requirements to the FRT1F
because they establish performance standards for radioactive waste disposal facilities. The standard

r.,= requires that waste disposal facilities be designed for an effective life up to 1,000 years, to an
extent reasonably achievable, and in any case, no less than 200 years. This is a design standard
and monitoring after disposal is not required to demonstrate compliance. These requirements are
not applicable to the ERDF because the facility is not associated with uranium or thorium milling.

Standards for Protection Against Radiation - 10 CFR 20

-- -?'hcIVRC Standards for protectionAgainst Radiation found in-10-CFR-20 are-relevantand
appropriate to the facility-because the regulation establishe.c standards for protection against

-°°°--°--r,7r^^a:^.z•ai.:u'v"s-u>r'ar'c`Friay'--rwtiic-.n3nrvC.ti.it^2tfi^f121e7iposi'ircii>'Aijcuarges-ivarranawater. The
standard is not applicable because it only applies to operations licensed by the Nuclear Regulatory
Commission.

These regulations establish standards for protection against radiation hazards at facilities
licensed by the Nuclear Regulatory Commission (NRC). The regulations were amended on May
21, 1991 and are effective as of January 1, 1994. The previous regulation was based upon
scientiftcknOgledge ffoan_morethan30yearsago,'I'he new ramn,ti,,., modifies the radiation
protection standards in order to reflect updated scientific information on radionuclide uptake and
metabolism, as well as changes in the basic philosophy of radiation protection. These changes are
based upon recommendations of the International Commission on Radiological Protection (ICRP) in
ICRP Publication 26 (1977 guidance) and subsequent ICRP publications.

NRC licensed facilities must limit occupational dose to the following:

(1) an annual limit, which is the more limiting of
(i) a tot-al effective dose of 5 rems
(ii) the total dose to any organ or tissue, other than the eye, equal to 50 rems

(2) the annual limits to the lens of the eye; to the skin, and to the extremities, which are:
(i) An eye dose equivalent of 15 rems and
(ii) A shallow-dose equivalent of 50 rems to the skin or to any extremity,

Derived air concentration (DAC) and annual limit on intake (ALI) values, presented in
Table 1 of Appendix B of 10 CFR 20, were calculated based upon the occupational dose limits
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described above. The regulation also describes how to add external and internal doses to calculate
the total effective dose equivalent. Dose limits for minors are ten percent of the annual dose limits
specified for adult workers.

Itt addition>tlte3icensee must conduct operations so that the, total effective dose equivalent
to individual members of the public may not exceed 0.1 rem/year. The dose in any unrestricted
area from external sources may not exceed 0.002 rem/hr. The licensee must survey radiation
levels in unrestricted areas and radioactive materials in effluent released to unrestricted areas in
order to demonstrate compliance with the dose limits for individual members of the public. The
licensee must show compliance with the annual dose limit by:

(1) Demonstrating by measurement or calculation that the total effective dose equivalent to
the individual }ikely to reeeive the highest dose frm t;.e 1',censed operation does not exceed
the annual dose limit or

.^_
(2) Demonstrating that

(i) The annual average concentrations of radioactive material released in gaseous
and liquid effluent do not exceed the values specified in Table 2 of Appendix B of

CQ 10 CFR 20
111"g--^^- a. r'ni.ta1. nr in an nnractrirmt ' i.d.z^ 1 were(it) fan-zndiv r..enaly present ... .... ................d area , the dose from

external sources would not exceed 0.002 rem/hour and 0.05 rem/year.

The concentration limits for radionuclides in airborne and liquid effluent discharged to
unrestricted areas established under the standard are summarized in Table 7-3.

Radiation Protection of the Public and Environment - DOE Order 5400.5

Radiation protection and radioactive waste management requirements issued under the
Atomic Energy Act are implemented at DOE facilities as DOE orders. Under CERCLA these
standards are TBC for activities conducted at the ERDF facility because they are not promulgated
regulatSOns, H9w@1eC, £omy^ha we wt u DOE Orders is requlred at Hanford.

DOE Order 5400.5, Radiation Protection of the Public and Environment, establishes the
standards and requirements for radiation protection of the public and the environment at DOE and
DOE contractor facilities. This DOE Order defines members of the public as persons not
occupationally associated with the DOE facility or operations. However, this DOE Order is
discussed because it presents exposure limits for airborne and liquid effluent that may be useful as
comparisons to occupational limits. DOE policy is to implement all legally applicable radiation
protection standards, and to adopt or consider recommendations from authoritative organizations,
Such as the tvarinn ai r_ouncil on Radiation Protection and Measurements and the International
Commission on Radiological Protection. DOE policy also includes implementation of standards
generally consistent with Nuclear Regulatory Commission (NRC) for DOE facilities not subject to
NRC regulation.

The DOE Order applies the "As Low As is Reasonably Achievable" (ALARA) process to
radiation protection. The ALARA process is not a dose-based limit, but a feasibility limit, in that
exposures should be as far below applicable limits as practical. The feasibility limit should account
for social, economic, technical, and public policy considerations. As part of the ALARA process
DOE operations monitor routine and non-routine exposure and assess the dose to members of the
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public. The ALARA process includes procedures for evaluating alternative operations and other
factors to reduce radiation exposures.

This DOE Order adopts radiation protection dose standards consistent with the 1977 ICRP
guidance which has been adopted and implemented world wide by countries with nuclear programs.
Dose limits presented in this DOE Order are expressed both in terms of effective dose equivalents
(ICRP guidance) and dose equivalents to specific organs or whole body in order to be consistent
with pre-1977 standards or public dose limits established by EPA for selected exposure pathways
or sources.

The DOE primary standard for allowable effective dose equivalent to members of the

public in a year is 0.1 rem. The DOE Headquarters are to be notified if an annual public exposure
in excess of 0.01 rems occurs or is anticipated to occur. This dose considers all exposure modes
resulting from DOE activities. "Effective Dose Equivalent", developed by the ICRP is calculated

by the weighted summation of doses to various organs of the body. The 0.1 rem effective dose
equivalent in a year is the sum of all exposures from external sources plus the committed effective
dose equivalent from sources taken into the body during the year. The public dose limit does not,,,•w,

^ ^,""- ----- -----=ins!udemedical^x o^ ^re ,bx^^sure r_s ^tin= from ^onsumer products, residual fallout from pastcn/ p ....... consumer
nuclear accidents and weapons tests or naturally occurring radiation sources.

;...Vx
The DOEOrdpr-5400.5 ident-if:es-circumsta:.ces where suppleninental limits or exceptions to

-- -
--• the standards may be implemented. A temporary public dose limit higher than 0.1 rem but not to
0; - exceed 0.5 rem for the year may be approved from the DOE Field office in coordination with their

Program Office. Situations identified by DOE that may warrant use of a supplemental standard
include situations where remedial action would pose a clear and present risk to workers or
members of the public using reasonable measures to reduce or avoid the risk.

Exposure to members of the public to airborne emissions released to the atmosphere that
result from DOE operations must not cause members of the public to receive in a year, an effective
dose equivalent greater than 0.01 rem, the same dose limit established by EPA regulation 40 CFR
61, Subpart H authorized under the Clean Air Act. Compliance may be demonstrated using
models specifically approved in accordance with 40 CFR 61 requirements, or may also be
demonstrated through environmental measurements using EPA approved methods.

The DOE Order also adopts 40 CFR 191 exposure limits that members of the public may
receive as a direct result of DOE management and operation of a disposal facility for spent nuclear

-fiael,high level-nr-transuranic-r-adio.:ctivewastes that are not rexulated by the NRC. The dose
resulting from management of these wastes must not cause members of the public to receive, in a
yea_r, a dose equivalent greater than 0.025 rem to the whole body, or a committed dose equivalent
greater than 0.075 rem to any organ.

Drinking water systems operated by the DOE must meet the level of protection defined in
40 CFR-141;NationalInterim Przznar} - IIrinlEing Water-Sta.dards ^r co1lLllulllty drinking water
systeans: The srandard requires that community drinking water systems must not cause an effective
dose equivalent greater than 0.004 rem in a year, the combined activity levels for radium-226 and
radium-228 must not exceed 5 pCi/L and gross alpha activity must not exceed 15 pCi/L.

The DOE Order presents derived concentration guides (DCGs) for conducting radiological
environmental monitoring programs at DOE facilities. The DCGs are presented for three exposure
modes; ingestion of water, inhalation of air and immersion in a gaseous cloud. The DCGs are not
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designed as occupational intake limits. The DCGs for internal exposure are based on a committed
effecteve--dose-eqnivalentof fl.i rem per year .`Jr radionuclides taken into the body through
ingestion or inhalation. The DCGs may be used for evaluating compliance to the drinking water
limit of 0.004 rem per year by using 4% of the DCG for ingestion. The exposure conditions used
for development of the ingestion and inhalation DCGs are presented with the DCGs in table
format.

Radiological protection requirements are also established for residual radioactive material
and cleanup of residual materials. The basic public dose limit is 0.1 rem effective dose equivalent
per year in excess of naturally occurring background. Additional guidelines for residual
radioactive material in soils for radium and thorium are set at the levels issued under 40 CFR 192.

The proposed DOE iuie, Radiation Protection of the Public and the Environment (10 CFR
834) published in the March 23, 1993 Federal Register (58 FR 16268), promulgates the standards
presently found in DOE Order 5400.5. The proposed rule retains the substantive portions of the

j-
DOE Order and differs from the existing DOE Order in format, enhanced emphasis on the ALARA

? s a process, and changes in the usage of DCGs. The proposed rule identifies DCGs not as
"acceptable" discharge limits, but to be used as reference values for estimating potential dose and
determining compliance with the requirements of the proposed rule. Where residual radioactive

'• t materials remain, the proposed rule states that various disposal modes should address impacts•.,'a.1

_-be3iCnvi the 1 nnn yY2^ t:^.:e Yriod identifeed in the existing DOE Order.-;_
^^.

Toxic Substances Control Act 15 USC 2601 et seq.

TSCA requirements are potentially applicable to the ERDF because PCBs have been
identified as potential contaminants of concern and may be disposed of at the ERDF above the
regulated concentration of 50 ppm. This regulation establishes handling, storage and disposal
requirements for wastes with PCB concentrations greater than 50 ppm. In particular, this act
requires that wastes greater than 50 ppm PCB be disposed in a lined facility.

7.1.1.2 State of Washington Chemical-Specific ARARs. CERCLA 121(d) requires that, in
addition to satisfying federal ARARs, any state standard, requirement, criterion, or limitation that
is more stringent must also be met. State requirements must be legally enforceable regulations or
statutes, identified in a timely manner, and be of general applicability to all circumstances covered
by the requiretnent.-- Table-7-2-identi€es-prelimina.y-cherrtical-specific-Washington State ARARs
for the ERDF facility.

Model Toxics Control Act Cleanup Regulation - WAC 173-340

Regulations under Chapter 173-340 WAC, which implement requirements of the Model
Toxics Control Act (MTCA) establish the administrative processes and standards to identify,
investigate and cleanup facilities where hazardous substances have been released. These regulations
are not applicable to the ERDF because no contaminant releases have occurred, however, the
regulation-may-be eonsidered-r€levant a.n.d apr"ro"rr'ate. These standards may be used in evaluating
performance of ERDF design alternatives. The state regulations have the potential to be stricter
than federal standards. For example, MTCA specifies secondary drinking water MCLs as
applicable requirements. Secondary MCLs are nonenforceable standards under 40 CFR 143 and
are based on non-human health-based goals relating to qualities of taste and odor.

7-8



DOE/RL-93-99, Rev. 0

'I'he MTCA regulations under WAC 173-340=700 establish three basic methods for
determining cleanup levels. These include Method A - Tables, Method B - standard method, and
Method C - Conditional method. Groundwater cleanup standards are presented in WAC 173-340-
720 and soil cleanup standards are presented in WAC 173-340-740 and WAC 173-340-745. The
MTCA regulations specify procedures for establishing levels that are protective of human h4gltb
and the environment based on reasonable maximum exposure assuming either a residential site use
(WAC 173-340-720 for groundwater and-WAC 173-340-740 for soil) or industrial site use
(WAC 173-340-745 for soil cleanup). Sections 720 and 740 establish standards under all three
methods and Section 745 uses only Methods A and C.

By defmition (WAC 173-340-200) radionuclides are hazardous substances under MTCA,
and are considered Group A (known human) carcinogens by EPA (56FR33050). However,
Methods B and C equations are designed to provide cleanup levels for non-radioactive
contaminants _ not radionu clidec-

Method A is generally used for routine cleanups with relatively few contaminants. Method
A values come from: tables in the MTCA rule, ARAR values (these do not include values
established under WAC 173-360-720, -740, or -745 unless specifically listed in the tables),

=r; practical quantitation limits, and natural background. Standards for Method A cleanups are
^<< ------Est°'ablisileti-based on-otherfederal or state ARARs, inciuding those deveioped:

^^, • at a 10' risk-level, based on residential site use in WAC 173-340-720, -740

at a 10' risk level, based on industrial site use in WAC 173-340-745

based on natural background concentrations

• - based- o-n--practicalsluantification limits (PQLs),

Method B is the standard method for determining cleanup levels and assumes a residential
site use. Method B levels are determined using federal or state ARARs or are based on risk
equations specified in WAC 173-340-720, and -740. For individual carcinogens, the cleanup levels
are based on the upper bound of the excess lifetime cancer risk of one in one million (1 x 10).

------ -------- -- - Tota^ sxcess cancer risk under Method B for multiple substances and pathways cannot exceed one
in one hundred thousand ( 1 x 10-'). Residential use of the ERDF facility is not a likely scenario
eithercurrenly^r-inthe-future; therefore, viethod B is not considered to be an appropriate
romiire...rnnnf...y.. ...v...

-- --- ---- -- ------- -Method C-cleanup-levelsare-used--wher*-.--*;e•th d A or B cleanup levels are below area
-background concentrations; cleanup to Method A or-B levels has the potential for creating greater
overall threat to human health and the environment than Method C; cleanup to Method A or B is
not technically possible; or the site meetsthe-definition o-f-a_n jndustrialsite. The requirements for
qualification as a Method C site are specified in WAC 173-340-720, -740 and -745. Method C
cleanups must comply with other federal or state ARARs, must use all practical levels of treatment
and must incorporate institutional controls as specified in WAC 173-340-706(1). Total excess
cancer risk for Method C cannot exceed 1 in one hundred thousand (1 x 10'). Method C cleanup
levels are most appropriate for use at the ERDF facility based on current and projected future land
use.
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All three MTCA methods for determining cleanup levels require minimum compliance with
other federal or state ARARs, and consideration of cross-media contamination. For example,
performance goals for the ERDF may be based on protection of groundwater. Fate and transport
modeling has been performed for the ERDF to determine the potential of hazardous substances
released from the aciliUy to impact groundwater. The results of the contaminant fate and transport
modeling may be compared to the cleanup levels presented in Table 7-3.

The point of compliance based on protection of groundwater and for human exposure via
direct contact are defined under MTCA. The point of compliance is defined as the point or points
throughout the site where cleanup levels are established in accordance with the cleanup
requirements for groundwater and soil specified in Sections 173-340-720 through 750.

Dangerous Waste Regulations - WAC 173-303

The Washington State Dangerous Waste Regulations implement the federal Hazardous
Waste Regulations promulgated pursuant to RCRA. The regulation establishes requirements for
generation, storage, treatment and disposal of dangerous waste. General requirements for.°,
dangerous waste management facilities are discussed as action-specific ARARs, and requirements

tL_Z^ for facility siting are presented as location-specific ARARs. However, Section WAC 173-303-070
establishes procedures and methods to determine if solid waste requires management as dangerous

° Waste.-Theser uirementsarezorsideredapplicable as^hemical-s^^^i^c.. AD AD^ to` - - - e4 . ..........^,.^.,v wastes
generated at the ERDF. Section WAC 173-303-090 identifies classification of wastes based on
specific characteristics such as ignitability, corrosivity, reactivity, and toxicity. -Classificationof
wastes as either dangeroustsr-extremely hazardousisa}srrconsidered as an applicable chemical-
specific ARAR.

Minimum Functional Standards for Solid Waste Handling - WAC 173-304

This regulation establishes the standards and requirements for the handling of all solid
waste. The requirements of this standard are not applicable to the ERDF because the standard does
not address dangerous wastes regulated under WAC 173-303. However, the regulation is
considered relevant and appropriate because it establishes groundwater protection requirements for„soli d waste management facilities.

State Radiation Protection Standards - CH. 70.98 RCW

Washington State Radiation Standards (Ch. 70.98 RCW) were developed pursuant to the
Atomic Energy Act of 1954 and are implemented in WAC 246-220 through WAC 246-255. Not
all the standards-ir. thereferenced-chapters are specifically applicable to the ERDF and only the
ft3llEwing standards are coruidered as chemical-specific ARARs. The WAC 246-221, Radiation
Protection Standards is applicable because it establishes the maximum allowable radiation dose to

-- ;ndividuals in restricted areas, exposure to minors and permissible levels of radiation from external
sources in unrestricted areas. The occupational dose limit for adults, excluding planned special
exposures, shall not exceed an annual limit of a total effective dose equivalent equal to 5 rem, or

___ thesumof thedeep doseequivalent and the cnmminPd dose equivalent to any individual organ or
tissue other than the lens of the eye should not exceed 50 rem. An eye dose equivalent of 15 rem
is set for exposure to the eye. The shallow dose equivalent for the skin or any extremities is 50
rem. Occupational dose limits for minors are set at 10% of the annual occupational dose limits for
adults.

7-10



DOE/RL-93-99, Rev. 0

The standard identifies the methods required to demonstrate compliance and provides
derivedair-concentrationjDAC}andannual-limit on-intake-(.4L 1)-values-that-may be used to
determine an individual's occupational dose limits. Dose limits that individual members of public
may receive in unrestricted areas or from radioactive effluent are not to cause an individual
continually present in an unrestricted area, to receive from external sources, more than 0.002 rem
in an hour or 0.50 rem in a year. Chapter 246-221 also establishes concentration limits in effluent
released to unrestricted areas. The WAC 246-247, Radiation Protection- Air Emissions,
promulgates air emission limits_for airbo--me-radionuclide emissions at the same levels as defined in
WAC 173-480 which are consistent with federal NESHAPs. The ambient standard requires that
emission of radionuclides to the air must not cause a dose equivalent of 25 mrem per year to the
whole body or 75 mrem per year to any critical organ. Radiation protection standards for uranium
and thorium milling sites are presented in WAC 246-252 and are not applicable to the ERDF
because it was not used for uranium or thorium milling. However, the regulation is considered
relevant and appropriate because it presents specific radiation protection standards for groundwater.

7.1.2 i,ocation-Specific ARARs

Location-specific ARARs at the ERDF are restrictions placed on the conduct of activities
sssoclated-witlrthe-ERDF-ba;ed-solely on the eh^araeteristicsrf the ERDF iocation.

7.1.2.1 Federal Location-Specific ARARs. Federal location-specific requirements that were
evaluated are summarized in Table 7-1.

The National Historic Preservation Act of 1966 - 16 USC 470 et seq.

The National Historic Preservation Act requires that historically significant properties be
protected. The Act requires that impacts posed by the ERDF to property listed on or eligible for
inclusion on the National Register of Historic Places must be evaluated. The National Register of
Historic Places is a list of sites, buildings or other resources identified as significant to United
States history. Cultural resource surveys have been performed in the area impacted by the ERDF
and no facilities identified on the National Register of Historic Places or eligible for inclusion on
the list were identified. Based on the survey results, the National Historic Preservation Act is
neither applicable nor relevant and appropriate to the ERDF.

The Archeological and Historic Preservation Act - 16 USC 469a

"f'tie Archeologicaiand'rTisttirie Preservatiott nct is not ARAR because no archaeoiogic or
historic sites have been identified at the ERDF iocationjsee-Section 2.7). This act is similar to the
National Historic Preservation Act but differs in that it mandates only protection of historic or
ar_c_haeologic-dataandnot theactuaL archaeologicor historir.al site.. If activities in connection with
any federal project or federally approved project may cause irreparable loss to significant scientific,
prehistorical, or archeological data, the Act requires that the agency responsible for the project
preserve the data.

The Endangered Species Act - 16 USC 1531

The Endangered Species Act of 1973 is applicable and must be considered during siting,
design, operation and closure of the ERDF because the Act establishes requirements to protect
species threatened'oy extinction and habitats important to their survival. The Endangered Species
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Act is designed as a means for the conservation of flora and fauna that are threatened with
extinction. Endangered species are identified under the Act as species which are in danger of
extinction throughout all or a significant portion of their range. Threatened species are identified
as species that are anticipated to be in danger of extinction within the foreseeable future. The
Endangered Species Act provides for the designation of critical habitat, defined as "specific areas
within the geographical area occupied by the [endangered or threatened] species ... on which are
found those physicai or biological features essential to the conservation of the species..."
Endangered species and critical habitats have been evaluated throughout the Hanford Site, including
the location of the ERDF. No species of flora or fauna listed by the federal or state lists of
endangered or threatened species were identified during an ecological survey of the ERDF location.
Endangered or threatened species are found elsewhere on the Hanford Site (WHC 1993).
Ilowever_, the survey identified both plant and animal species considered as candidates for inclusion
on federal and/or state lists of-endangered or threatened species. The survey also noted areas of
unaisturbed-sagebruslthabitat consideredimporr.intto11e c?ndidare spes1es identified. The Fish

widt#ltt&-s-erviei}w;li be cucsulted to determine management policies for the candidate species
and evaluate the biological importance of the these species.

Site Selection - DOE-RL Order 4320.2C

The-purpose of this DOE-R,l Order is to ensure that Hanford Site facilities meet program
requirements and consider economic, engineering and site planning guidelines presented in this
Order. Under CERCLA, DOE-RL Orders are TBC because they are not promulgated standards.
However, compliance with DOE-RL Orders is required at the Hanford Site. Site selection criteria
should address such factors as safety, security, ecological, archeological and cultural resources.
Engineering considerations such as proximity to utilities, transportation, adjacent land use and
available buffer zones to minimize facility impacts should be evaluated. Area topography, geology,
hydroiogy and meteorology are also sitingcriteriaidentifiedin-the DO_F.-Ri. Order.

Radioactive Waste Management - DOE Order 5820.2A

Chapter III of DOE Order 5820.2A specifies the policies, guidelines and minimum
requirements for siting DOE LLW management facilities. The disposal site selection criteria are

----- TBCfor EFDF-and are not appiicable because they are non-promulgated standards. The DOE
Order requires that disposal site selection evaluate the method of waste confinement proposed, that
the location is protective of groundwater resources, and located in areas with low potential for
natural disasters. The DOE Order specifies that site selection address impacts to local populations,

- lane use`pians, avaiiabie utilities and transportation routes.

_- Hanford Fuf..n'e Cite i,t^.°c.^ W°'.b•°° c'.°....
Recommendations.^.,,^t, mendations

---------- - The Han^rd Future Site Uses :'orkiig Group was chartered with developing a range of
visions concerning future uses of the Hanford Site. The Group considered a range of cleanup
scenarios necessary to make the future use visions possible (Drummond 1992). The
recommenslations of this group are TBC because they are not promulgated standards. The Group
was-comprSsedof representattves-from federal, statc, and local governments, along with interested
tribal, labor, economic development and public interest groups. The Group proposed that areas of
the Hanford Site having high future use value be cleaned up and that the interior section of the 200
Area plateau bedesignated-for waste management, The group recommended that wastes from
Hanford Site be concentrated in the 200 Area plateau. However, the Group further stated that
waste management, storage, and disposal activities should be concentrated within a limited area and
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whenever possible, minimize the amount of land devoted to or impacted. The central portion of
the 200 Area plateau was identified as the "squared off' boundaries of the current 200 Areas,
expanded east of the 200 East Area in order to incorporate the location of the proposed grout
vaults, plus a buffer zone sufficient to minimize risks associated with waste management
(Drummond 1992).

7.1.2.2 State Location-Specific ARARs.

_Depwtment_ of Game_State Environmental Pnlicy Art Procedures - WAC 232-012

The regulations include the State of Washington Department of Fish and Wildlife
procedures for compliance with the Washington State Environmental Policy Act (SEPA). The act
requires that management plans be developed if threatened, endangered, or sensitive wildlife or
habitat are affected by remedial actions at the site. Although no endangered or threatened species
of flora or fauna have been identified within the area of the ERDF, this regulation should be

„r= considered applicable because threatened and endangered species are found elsewhere on the
W"= fIanford Site and ecoiogical surveys of the ERDF site identified species considered as candidates

--- -------- - for-inclusion-on state and!or federai lists of endangered or threatened species. The Washington
'!°_- State neparrment of Fish and Wildlife will be consulted to determine management policies and any

mitiLration that mavbe necessary to minimi:.e ecologica: i^„pacts.

c;w°> Dangerous Waste Regulations, Siting Criteria - WAC 173-303-282

The Washington State Dangerous Waste Regulations implement the federal hazardous waste
regulations promulgated under RCRA. The siting criteria in WAC 173-303-282 are applicable to
the ERDF because the facility will manage hazardous waste. This regulation requires that the
proposed location of a hazardous waste facility demonstrate compliance with the location-specific
criteria presented in the regulation. The criteria limit waste management facilities to locations that
are protective of water resources, ecological resources, human health, and in areas with low
potential of natural disasters.

Radioactive Waste, Licensing Land Disposal - WAC 246-250-300

Requirements established for licensing land disposal facilities for radioactive waste are relevant and
appropriate to the ERDF because Section WAC 246-250-300 identifies criteria and considerations
used to evaluate site suitability for land disposal of LLW. The requirements of this regulation are
not applicable to the ERDF because the regulation only addresses land disposal of radioactive
wastes received from others. The ERDF will manage only LLW resulting from Hanford Site
remediation. The regulation specifies that LLW land disposal facilities only be sited in areas that
are capable of being characterized, have sufficient depth to groundwater, are not subject to natural
disasters and are not in areas where natural resources are known to occur.

7.1.3 Action Specific ARARs

Action-Specific ARARs are presented in Tables 7-1 and 7-2 and will be refined once
general response actions have been formulated and alternative formulation and screening have been
completed.
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7.1.3.1 Federal Action Specific ARARs

Resource Conservation and Recovery Act, as amended - Title 42 USC 6901

The Resources Conservation and Recovery Act (RCRA) regulates the generation,
-- ------ tra.liSpL)rdsltioS},-£t13IagE,-treatment3nd_disp9sal,-flf vaZardouS wa;^te. Fe^dciai -icguiatiurLS

promulgated under 40 CFR 260 through 268 implement RCRA requirements for disposal facilities
..-includi_ 8P^̂ftcftnanrial, aitino decio -^ , operation, monitoring, closure and ost-c I- - - ^ -_ o, --°-e p osure care
requirements. Washington State Dangerous Waste Regulations implement the federal hazardous
waste regulations and provide for regulation of state designated dangerous waste. On November

----- -----?3,-1987,->;cology was given_autltorization by EPA-tc :egulatemiated-waste within the state.

Because the Hanford Facility RCRA permit has not been issued, Hanford Site TSDs
currently operate under interim status standards promulgated in 40 CFR 265. Sections of the
regulations are applicable to the ERDF if hazardous wastes are generated by the facility. General
facility requirements specify waste management practices such as waste analysis, waste segregation,
facility inspection;-persor,neEtraining,-emergency-preparedness-piatmingand facility siting criteria.
Interim status facility requirements for closure and post-closure care are also defined under the
regulations. The ERDF will be included in the Hanford wide permit and after permit approval, the
ERDF will be required to comply with the standards for owners and operators of Hazardous Waste
Treatment, Storage and Disposal Facilities in 40 CFR 264.

The Corrective Action for Solid Waste Management Units regulation (40 CFR 264.552)
presents provisions for the use of corrective action management units (CAMUs) and temporary
units as remediation waste management units. Previous EPA experience found that implementing
RCRA Subtitle C rules to remediation wastes provided disincentives to the implementation of more
protective remedies and remediation was negatively impacted by RCRA regulatory controls.
Specific areas where increased flexibility in the management of remediation wastes is provided by
this regulation include: placement of remediation waste into a CAMU is not considered land
disposal of waste and is not subject to LDRs; CAMUs do not have to meet minimum technology
requirements for landfills; and finally, CAMUs are only subject to closure requirements as deemed
necessary by the EPA Regional Administrator and as appropriate to the waste management unit.
The creation of CAMUs allows decision makers and facility operators increased flexibility in order
to expedite remediation of environmental releases from operating hazardous waste TSD facilities.
The ERDF CAMU would be incorporated in the Hanford Facility RCRA permit as a permit
modification.

Radiation Protection for Occupational Workers - DOE Order 5480.11

DOE Order 5480.11, Radiation Protection for Occupational Workers establishes radiation
protu.tion .°equiremems for viorker protection from ionizing radiation at DOE and DOE contractor
operations. ,iese standards are TBC under CERCLA because they are not promulgated standards.
However, compliance with DOE Orders is required at the Hanford Site. DOE policy is to
implement all radiation protection requirements that are consistent with EPA guidance or based on
the recommendations of authoritative organizations such as the National Council on Radiation
Protection and Measurements (NCRP) and the International Commission on Radiological Protection
(ICRF). - 1ne DOE policy states that DOE operations are to be conducted so that radiation
exposures are within the limits established by this Order and as far below the limits set in this
Order as reasonably achievable. The DOE adheres to the "As Low As Reasonably Achievable"
(ALARA) policy on radiation exposure. The ALARA policy represents a process for monitoring
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and evalu3t4t4g _w£rk 3rac2!£2S So that .radtati0n- e7fposure 7S reduced to i°cvelS as IFU below the
acceptable dose as socially, technically and economically feasible.

Radiation protection standards for internal and external exposure for occupational workers
are.._,. ,.___°__c^isa^_ctailu_ - -S@fIILS_9 St4C11aSt1S-andEOIl-StOChastiC_effCbCtS..^t9Shas_flc Pffrrtc arreeff--*c such'------------------
as malignancy or hereditary diseases which have a probability of occurring as a function of dose
and which have no threshold dose for radiation protection purposes. Non-stochastic effects are
effects for which the severity of the effect is related to the dose received and for which a threshold
dose may exist. The exposure to workers as a result of DOE operations shall not result in
exposure in excess of the limits established under this Order. The exposure limit for stochastic
effects resulting from internal and external sources of exposure to any occupational worker must
not exceed 5 rem per year. The annual dose equivalent received by an occupational worker for
non-stochastic effects to individual organs and tissue is 15 rem to the lens of the eye, and 50 rem
to any other organ, tissue (including skin of the whole body), or extremity of the body.

The maximum annual dose equivalent established for the protection of the unborn child
(from conception to birth) as a result of occupational exposure is 0:3 rem. The employee is
responsible for providing written notification of the pregnancy to their employer. Individuals under
the age of 18 are not to be employed in or allowed to enter controlled areas if they will exceed an
effective dose equivalent of 0.1 rem per year resulting from the sum of the committed effective
dose equivalent fr_o_mimemalexposureandthe annual_effective dose eonivalent from external
exposure. This same exposure limit also applies to students and is considered as part of the
minor's occupational exposure.

The DOE Order es ablishes annual dose limits for members of the public entering
controlled_argas-at 0_1--remeffectivedeseequiva!entperyear. --The effective dose equivalent
includes the committed internal exposure and the effective dose equivalent external exposure.

Proceduralrequirements for calculating and evaluating the combined internal and external
dose equivalents are provided in the Order. The methodology for calculating dose differentiates
external dose to skin and extremities from the dose to external whole body exposures. Methods for
calculating nnn-uniform exposures to skin are based on the surface area of the exposed skin. The
Order also presents air and water concentration guides. Derived air concentration (DAC) values
for radiation exposure control in the workplace were developed from ICRP publications and
converted to units of rem and curie. The DAC are for use in monitoring radiation control and are
not to be used in the calculation of internal dose equivalent received by a worker. DOE maintains
a policy -that-drinking water-itr controiled areas is to meet EPA 40 CrR i4i drinicing water
standards.

Monitoring of occupational workers is required to demonstrate compliance with the
radiation protection standards and under normal circumstances not to calculate the annual effective
dose equivalent received from internal and external sources of radiation. Methods used for
personnel _dosimetrymust beeffectiveforannnitnr;ng co,,,ptia.,ce, be performed using equipment
that can be periodically calibrated and is maintained by an accredited laboratory. Ambient air
monitoring is to be performed in any workplace_wherethepotential toexcegd10% of the. nAr is
anticipated. Air samples are to be representative of locations where air borne contaminant
concentrations are expected to be elevated. The results of ambient air monitoring are to be used in
sssessing radiation control- practices-and are not for nse-itt-evaluating the annual effective dose
equivalent to workers.
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The DOE Order outlines the requirements for release of equipment and materials from
controlled to uncontrolled areas and general practices for facility design. Areas within DOE
facilities are to be posted if radioactive materials are present in sufficient quantity to cause a

-_-aorketsoreceive-a_dose equivalent_grsater-tltan-5 mrem but lecs than 100 mrem in one hour at 30
cm.--Areas--a.-e t3-be-posted as-"high radiation-areas"-if-tlte siose-equivalent-received in i hr at 30
cm exceeds 100 mrem but is less than 5 rem, and posted as a "very high radiation area" if the dose
received in 1 hr at 30 cm exceeds 5 rem. Access to any area where airborne radioactive material
concentration are greater than 10% of the DAC are to be posted. Entry and exit points from all
radiological areas are to be controlled and equipped with visual or audio alarm systems. Records
of employee training and exposure are to be maintained. Specific levels of training are required
dependent on job function.

Radioactive Waste Management - DOE Order 5820.2A

This Order specifies the policies, guidelines and minimum requirements for DOE
management of radioactive and mixed waste at contaminated facilities. The DOE Order provides

e_...s, management requirements for high-level waste (HLW), transuranic waste (TRU) and low-level
waste (LLW). HLW and TRU waste will not be accepted at the ERDF. These standards are TBC

* under CERCLA because they are not promulgated standards. However, compliance with DOE^
-^^' -4'^ -------Orders-is requir^-att.he?^nford-Site.- Chapter_III of DOE Order 5820.2A requires that LLW

management practices limit external exposure to radioactive material released to the environment to
levels that will not result in an effective dose equivalent to any member of the public in excess of
25 mrem/yr and that any air release meet the emission limits specified in 40 CFR 61. The DOE
Order also specifies radiation exposure be limited to as low as reasonably achievable (ALARA).
LLW disposal systems must be capable of limiting the effective dose equivalent received by
inadvertent intruders into the disposal system after institutional controls cease, to not more than 100
mrem/yr or 500 mrem for a single acute exposure.

Guidelines for LLW management require that wastes are to be accurately characterized to
allow proper management, and to be tracked using a manifest system. Specific requirements are to

---- -- ----- - -- be developed--for-the shipmentand-receiptof-waste bet^rwn the generator and treatment, storage or
disposal facilities. The LLW may require treatment in order that the ERDF meets the established
performance objectives. LLW disposal facilities are to be designed and operated according to the
performance standards established in Chapter III of DOE Order 5820.2A. Facility operating
requirements include specifications for waste placement, protection of public and worker health,
and security. Specific closure performance requirements are also specified in Chapter III of DOE

--------------- ---------Order-5820.2A: -Residual radioactiv:y must meet DOE decommissioning guidelines, and site
specific closure plans are required that identify how the facility will meet performance objectives.
Environmental monitoring is required to measure release of radioactive contaminants to the air, soil
and groundwater, or any other parameter that may affect the long-term performance of the facility.

Chapter ii of DOE Order 5820.2A specifies that disposal of TRU waste is to be managed
in compliance with the specifications of the Waste Isolation Pilot Plant (WIPP). The DOE Order
specifies that material with transuranic waste concentrations greater than 100 nCi/g shall be
managed as TRU waste. Interim storagerequirements_for_TRU waste specified in DOE Order
5820.2A are consistent with RCRA requirements and require that interim storage facilities comply
with the permitting requirements from all applicable DOE Orders, federal and state regulations.
The implementation plan provides facility closure in compliance with CERCLA and other DOE,
EPA, and state requirements.
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Chapter I of DOE Order 5820.2A addresses the management of high-level radioactive
waste. Retrievable HLW is to be disposed in a geologic repository according to the requirements
of the Nuclear Waste Policy Act of 1982, as amended. This DOE Order notes that HLW which is
difFicult to retrieve may be disposed of in place. In-situ disposal requires periodic monitoring
capable of determining the need for corrective measures. Requirements for existing facilities that
manage HLW prior to disposal are also specified in the DOE Order.

Clean Air Act of 1977, as amended - Title 42 USC 4201 et seq.

The Clean Air Act (CAA) regulates emission of hazardous pollutants to the air.
Requirements established underthis-Act are_implemented by-federal,state a_nd-local- reg!lariorc,
Pursuant to the CAA, the EPA has promulgated National Ambient Air Quality Standards (40 CFR
50), National Emission Standards for Hazardous Air Pollutants (40 CFR 61), and New Source
Review Standards (NSPS)(40 CFR 60). The National Ambient Air Quality Standards are
applicable to airborne releases of radionuclides and criteria pollutants specified under the standard.

--__Specific-releaselinnit.s-fot-particulases-are-set at 50 ugLm' anniially or 150 g/m3 prr 24-hour
period.

Subpart H of the National Emission Standards for Hazardous Air Pollutants (NESHAP) for
emissions of radionuclides other than radon from DOE facilities are applicable to ERDF because
the potential to release radionuclides in air emission to unrestricted areas exists. The Subpart H
emission limits to ambient air from the entire facility are not to exceed an amount that would cause
any member of the public to receive an effective dose equivalent of 10 mrem/yr. The definition of
facility includes all buildings, structures and operations on one contiguous site. Radionuclide

--- - emissions from operation of the ERDF are required to be monitored and an effective dose
equivalent value to members of the public calculated.

New Source Performance Standards established under 40 CFR 60 are not applicable to the
ERDF becausethe ERDF is not one of the industrial sources identified in the regulation.
However, the CAA also requires that states regulate emissions from existing sources for specific
designated contaminants. Therefore, New Source Performance Standards are considered relevant
and appropriate because criteria established under this regulation may be used to evaluate ERDF
impacts on air quality.

Licensing Requirements for Land Disposal of Radioactive Waste - 10 CFR 61

The regulations under 10 CFR 61 establish the licensing requirements for land disposal of
LLy1!. These--regztlations-ar€-nafapplicable to the ERDF because the regulation is not applicable to
DOE generated waste at DOE-owned sites. However, the regulation is relevant and appropriate

--- -- ------ _--because-[t establishes gerformanse abject;ve„s for I-a disposal of waste and requirements for siting,
design, aperatior,, closure, and long-term control for near-surface land disposal of LLW waste.

--- ---- --- --- ---Theregulatian specifies-ihatiheA:.,4RA be applied ta limit releases to-ihe envirorli^erd and also to
workers during operation and includes specific annual release limits of radionuclides. The
regulation establishes closure performance objectives for the facility following closure that require
the.facility to provide-ltsng-term stability att4e-site-witltminimai use of on-going active
maintenance, and to provide protection for inadvertent intruders after institutional controls are
removed. The regulation identifies a time period of 100 years for institutional control.

Methods for the classification of wastes as to their suitability for near-surface disposal are
established under 10 CFR 61.55. Two considerations are involved, the concentration of long-lived
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radionuclides whose potential hazard will persist for extended periods, and the second consideration
is given to the concentration of shorter-lived radionuclides for which requirements on institutional
control,wasteform, attd-disposal, methods-are effec€ivea-- Wastes-accepoble for near-su :ace
disposal are grouped into three categories, Class A, B, and C. Class A waste must meet the
minimum requirements presented in 10 CFR 61.56; Class B waste must meet the minimum
requirements in 10 CFR 61.56 and also the stability requirements in 10 CFR 61.56; Class C must
meet the minimum and stability requirements presented in 10 CFR 61.56 and also must meet
additional requirements for protection against inadvertent intrusion. Wastes exceeding the Class C
characteristics must be disposed in a deep geologic repository as defined in 10 CFR 60 or as
directed by the Nuclear Regulatory Commission.

7.1.3.2 State Action Specific ARARs. The most significant Washington state laws and
regulations considered to be potential action-specific ARARs are discussed in the following section.
Table 7-2 presents a complete list of potential state action-specific ARARs evaluated for the ERDF.

Dangerous Waste Regulations - WAC 173-303

The Washington State Dangerous Waste Regulations (WAC 173-303) implement the federal
hazardous waste regulations for generation, treatment, storage and disposal of dangerous waste.
These regulations are applicable to the ERDF because the facility is designed to be permitted as a
corrective action management unit (CAMU) for remediation waste resulting from Hanford Site
remediation activities. General requirements for dangerous waste management facilities specified
in WAC 173-303-280 identify acceptable treatment, storage, and disposal practices for designated
dangerous waste. Requirements address facility permitting, employee training, emergency
preparedness planning, contingency planning, security, waste analysis, and recordkeeping.
Additional requirements for landfills and surface impoundments are also specified.

Facilities are to be designed, operated and closed using practices and methods that
minimize release of dangerous wastes or constituents to the environment. The regulation identifies
maximum contaminant levels allowed in groundwater that insure protection of the resource.
Facilities are required to implement monitoring and reporting programs. The regulation presents
methods to determine the point where the facility must demonstrate compliance. These
requirements may assist in determining if corrective actions are required. Corrective action
requirements may be fulfilled through the use of enforcement actions implemented under MTCA,
or as established under the Corrective Action requirements of WAC 137-303-646. The Corrective
Action program allows increased flexibility for facility operators to address dangerous waste
releases from the facility.

Model Toxics Control Act - WAC 173-340

The Model Toxics Control Act (MTCA) Cleanup Regulations established under WAC 173-
340 are potentially applicable to the ERDF as operational and performance requirements. This
regulation establishes cleanup requirements that are protective of human health and the
environment, and-the methods necessary to achieve these goals. The MTCA has statutory
preference for permanent solutions that minimize the quantity of hazardous contaminants remaining
on-site. The hierarchy of preference for remediation favors destruction and treatment over
disposal,-containment and institutional controts -WAC i73=340-400 outlines specific requirements
that insure cleanup actions are designed, constructed, and implemented in a manner consistent with
accepted engineering practices. Compliance monitoring requirements are specified in section
WAC 173-340-400, and requirements for institutional controls are specified in WAC 173-340-440.
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State Waste Discharge Permit Program - WAC 173-216

The Washington State Waste Discharge Permit Program implements a permit system
applicable to industrial and commercial operations that discharge wastes into ground or surface
waters and into municipal sewerage systems. The waste discharge program excludes NPDES waste
discharges. Although wastewaters will not be discharged to ground or surface waters, storm water
run-off may occur; therefore, this program is ARAR. The permit program prohibits waste
discharges that are regulated under the Washington State Dangerous program or exhibit a pH less
than 5 or greater than 11. Waste discharges may also be prohibited based on other characteristics
which are known to upset municipal sewerage systems, or are likely to pass through the system
unafFecte<l-by-treattnent. Under, C'ERCLA, on-site r@medial actions are exempt from
administrative requirements, such as permit acquisition. However, CERCLA actions must meet the
substantive ARAR requirements; therefore, this regulation is relevant and appropriate. The ERDF
must meet the highest possible standards for waste discharges based on all known available and
reasonable methods to prevent and control the discharge of wastes.

Washington Clean Air Act - Ch. 70.94 and Ch. 43.21A RCW

The Washington Clean Air Act was enacted to comply with the federal Clean Air Act, as
amended. The intent of the Clean Air Act is to insure the protection of public health and the air
resources of the state. Washington State regulations implemented pursuant to the Clean Air Act
considered potential ARARs for the ERDF are presented in the following discussion.

The General Regulations for Air Pollution Sources (WAC 173-400) define the policies and
authority of the Department of Ecology to control air pollution from air contaminant sources. The
regulation is applicable to the ERDF because it establishes both technical and procedural standards
for the control of air contaminant sources. Emission limits are established for visibility,

. . .. 'r. u:-s_-- -----_--=-=parz3€i.at@5,--. git?v@ .. di)r,= and ErdOlia-8ir 2m3333or'5:=-^,^#2.,tisFfWAs.r.:473'40^.-^^3:1=c-̂ta-:n:a.h :.

standards for maximum emissions for source units identified under the regulation. The standard is
not applicable to the ERDF because the ERDF does not meet any of the source categories
ideniifi@d und@r`u,c standard. iiowever; the staadaazd is relevant and appropriate because it
establishes emission limits and requires that all emission units use reasonably available control
technology, which for some source categories may be more stringent than the emission limitations
listed.

Emissiott Standards-for Sources Emitting FIszardousAirPollntants are estau;isi,ed in
Section WAC 173-400-075. Requirements of this standard are applicable to the ERDF because
waste disposal activities could result in the emission of hazardous air pollutants. The regulation
requires monitoring, source testing, and the use of specific analytical methods for determining
hazardous air pollutant emissions. Section WAC 173-400-115, Standards of Performance for New
Sources, adopts and incorporates Title 40 CFR Part 60 as standards of performance for new
sources. The standards are not applicable because the ERDF is not considered one of the source
categories identified in the regulation. However, the regulation may be considered relevant and
appropriate because it establishes review criteria that may be used to evaluate ERDF impacts on air
quality.

Requirements of Section WAC 173-480 are applicable to the ERDF. The Ambient Air
Quality Standards and Emission Limits for Radionuclides specifies that the maximum allowable
level for radionuclides in the ambient air shall not cause a maximum accumulated dose equivalent
a€-25-mremsfyr-to-the-whole-body;-or7`.rntremslyr-to any criticai organ. The standard also states
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that the more stringent of any federal or state standard for the control of radionuclides supersedes
the standards of WAC 173-480. The regulation also defines monitoring and compliance
procedures, and defines_enforcementauthority2o_Ecolog-y-and localairpollution control
authorities.

Licensing Radioactive Waste Land Disposal Facilities - WAC 246r250

Section WAC 246-250, establishes the procedures, criteria and conditions for licensing of
low-level radioactive waste land disposal for wastes received from others. The requirements of this
regulation are not applicable to the ERDF because the ERDF will only manage DOE wastes
resulting from Hanford Site remediation. This section may be considered relevant and appropriate
becauseit nresents soeci_f_c levels of radiation protection and technical requirements for land
disposal of radioactive waste. The licensing process requires the facility to identify how the
following requirements will be achieved: protection of the public from releases of radioactivity,
worker protection, facility stability following closure, protection for inadvertent intruders after
closure, environmental monitoring and recordkeeping. Requirements for siting a disposal facility

'^a= are discussed as potential location-specific ARARs.

7.2 REMEDIAL ACTION OBJECTIVES

The NCP states that remedial action objectives (RAOs) should include the media and
contaminants of concern, the exposure pathways, and the remediation goals
(40 CFR 300.430(e)(2)(i)). Development of RAOs should consider the following factors:

11 ARARs

2) Acceptable exposure levels for systemic toxicants are less than the concentrations
___Shat Iesultin-adverse effectc (i,e,. a hazard quotient of 11- ^ - -,------- -- -^

3) Acceptable exposure levels for carcinogens are less than the concentrations that
result in an excess upper bound lifetime cancer risk to an individual of between 10°
and 10°

4) Technical limitations such as detection limits for contaminants

5) Uncertainty

6) Threats to the environment, especially sensitive habitats and critical habitats of
protected species.

Development of RAOs for this RI/FS is unusual in that the scope is limited to configuration
of a waste management facility and does not address remediation of contaminated sites. Current
risks and RAOs for the contaminated sites are evaluated in the operable unit RUFSs. The
following remedial action objectives have been identified for the ERDF:

1) Support the removal of contaminants from portions of the Hanford Site
(induding near the Columbia River) in a timely manner: This is the overall
objective of this action given public opinion that contaminants should be removed
from near the Columbia River as soon as possible. This opinion is based on
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„ . .__•_ -,:..--^flt1Et rn=l^garding p(JtEnt^g - Fn}saCt3-i3i-tieSg Contammant5 6R tne i."ii.u e7a iuvcr- ---
and the-desireto-release the- remediated -areas for other productive uses.

2) Prevent unacceptable direct exposure to waste. As demonstrated in Chapter 6,
direct exposure to the types of waste received at the ERDF could result in unac-
ceptable health risks. Direct exposure of workers and biota to waste could occur
during operation of the ERDF (i.e., during waste transport and filling operations).
Due to access control at the Hanford Site, the direct exposure pathway does not
apply to the public during operations. Once the ERDF is closed, direct exposure to
waste is only possible if institutional controls fail and the surface barrier is
breached.

,..;.,

i^•_^
;-..r

3) Prevent unacceptable contaminant releases to air. As demonstrated in Chapter
6, inhalation exposure to the types of waste received at the ERDF could result in
unacceptable health risks. Similar to the direct exposure pathway, inhalation of

waste by workers and biota could occur during operation of the ERDF (i.e., during
waste transport and filling operations). Airborne transport of waste off the Hanford
Site could result in exposures to the public, but these exposures would be negligible
compared with worker risks. Once the ERDF is closed, air releases are only
possible if institutional controls-fail and the surface barrier is breached.

4) Prevent contaminant releases to groundwater above ARARs and health-based
criteria. This RAO addresses the conclusion in Chapter 6 that migration of con-
taminants through the vadose zone to groundwater could result in unacceptable
human exposure to contaminants. This RAO has been acknowledged in the TPA,
which states: "the point of [risk] assessment will be the intersection of the ground-
water and the vertical line drawn from the edge of the disposal facility". Other
agreements contained within the TPA are the time of assessment (10,000 years) and
the compliance standard (10'' for the first 100 years and 10' thereafter). Since the
risk assessment indicates that the risk associated with the groundwater pathway
should remain below 10'1 for the first 100 years, the relevant compliance standard
is 104. Maximum acceptable groundwater concentrations for contaminants of
potential concern in waste disposed of in the ERDF are provided in Table 7-5.
These concentrations summarize the lowest of the ARAR-based concentrations, as
well as the concentration equivalent to either a HQ of 1, or an ICR of 100,
whichever is lower.

5) Minimize Ecological Impacts. Construction of the ERDF will result in harmful
impacts on the ecology of the ERDF site and the borrow sites providing materials
for ERDF construction. As discussed in Chapter 2, significant value is attached to
the ecology at these sites. As a result, ecological impacts should be minimized
and/or mitigated to the maximum extent possible.

7-21
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Table 7-1. IdentiFr.ation of Potential Federad ARARs for the ERDF. (Sheet I of 13)

^..

equirements

Applicablp,

Relevant & Appropriate,

or To Be Considered, Comment

CHEMICAL SPECI FIC

Safe Drinking Water Act of 1974

Title 42 USC 300, at seq.

National Primary Drinking Water RelevanM1 & Appropriate The NCP identiGes maximum conohnunant level goale (MQLOs) and maximum contaminant levels
Standards 40 CFR 141

^

(MCLs) eatabliabed under the Safe Drinking Water Act as clean up goals for groundwater and surface
waters that are current or future sourcea of drinking water where the MCLO or MCL are relevant and
appropriate to the situation. In addition, WAC 173-340-7p (2)(a)(H) specifies that MCLs, MCLOs and
SMCLs are ARARa for groundwater cleanup, where grouhdwater has a curtent or potential future use as
drinking water. Groundwater at the ERDF location is currently not used for drinking, however it could
be used in the future, if the site is released from institutiorral controls. In addition, there is potential for
discharge of groundwater to the Columbia River, which is used for drinking water. Design, operation and
cloeure of the ERDF should prevent migration of contaminants from the facility to groundwater at
concentrations tCut cause groundwater to exceed MCI.a and MCLOa.

National Secondary Drinking Relevant: and Appropriate Federal secondeiq eunderds are not enforceable standards and are not typically applicable or relevant and
Water Standards 40 CFR 143 appropriate requirementa, however„ WAC 173-340-720 (l)(a)(ii) specifies that MCLs, MCLOs and

SMCLs are ARARs for groundwater cleanup, where groundwater has a current or potential future use as
drinking water.

Resource Conservalion and Recovery Act 42
USC 6901 or aeq

Ground Water Protection Applicable This regulation establishes gtoundwater protection standarcls for harardous waste managemem facilities.
Standards 40 CFR 264 The requirements of this eection are applicable to the ERDF because the facility is anticipated to receive

haardous waate..

Land Disposal Restrictions Not ARAR. Land disposal restrictions are applicable to wastes generated during operation of the ERDF and disposed
40 CFR 268 off-site. However, LDRs are not ARAR to diapowl of waute within the ERDF becauee the facility falls

under RCRA Subpart S - Corrective Action for Solid Waste Management Unip (CAMUs) requirements.
Land disposal re:strictions will also be evaluated as potential action-rpecific ARARs.
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Table 7-1. Identification of Potential Federal ARARs for the ERDF. (Sheet 2 of 13)

equirements

Applicauble,

Relevant & Appropriate,

or To Ete Considered, Comment

Clean Air Act of 1977, as amended ^

42 USC 7401 et seq.

National Ambient Air Quality Applicable Requirements of these regulations are applicable to airborne releases of radionuclides and criteria
Standards 40 CFR 50 pollutants specified under the ntatue. Specific release limits for paniculates are set at 50 ugm/m' annually

or 150 ugm/n1 per 24-hour period. Standards for airborne lead measured as elemental lead are set at 1.5

ugm/m', maximum arithmetic mean averaged over a calendar quarter.

National Emission Standard for Applicable These requirements are applicablelto the ERDF because the potential to release air emissions to
Hazardous Air Pollutants unrestricted areas exists. Subpart H sets emissions limits from the entire facilit;y to ambient air not exceed
(NESHAPs), Subpart H - an amount that would cause any member of the public to receive an effective dose equivalent of 10

National Emission Standards for mrenJyr. The definition of faciline includes all buildings, structures and operations on one contiguous
Emissions of Radionuclides Other site.

than Radon From Department of

Energy Facilities 40 CFR 61

Atomic Energy Act of 1954, as amended

Title 42 USC 2011 et seq. i

Environmental Radiation Not ARAR The regulation cpeoifiea the levels below which normal operations of the uranium fuel cycle are

Protection Standards for Nuclear determined to be environmentally ncceptable. Theae standards are not applicable and not relevant and
Power Operations appropriate because the standard excludes operations at disposal sites and the definition of the uranium

40 CFR 190 fiwl cycle focuses on those processees that result in generetion of electrical power. The standard sets dose

equivalents from the facility which are not to exceed 25 mrems/yr to whole body, 75 mrems/yr to thyroid,

or 25 mrems/yr to any other organ. Release limits at .5 mCi for Pu-239 and other alpha emitting

transuranics with half-lives greater than one year.
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Table 7-1. Identification of Potential Federal ARARs for the ERDF. (Sheet 3 of 13)

^-1
.^

equirements

Applicable,
Relevant & Appropriate,

or To Be Considered,

I -^ -- ,

Comment

Environmental Radiation Not AIRAR Standards under this regulation con^tain environtnental protection requirements for mimagem@nn and
Protection Standards for the disposal of spent nuclear fuel, high'.levei waste and transuranic wastes at facilities operated by the
Management and Disposal of Department of Energy. The standard addresses all disposal methods. These requirehrrents are not
Spent Nuclear Fuel, High-Level applicalple or relevant and appropriate because v'vaste materials to be disposed within'the ERIJF do, not
Waste and Transuranic meet the definition of waste subject to this regullation. However, the Tri-Party AgreiSment between
Radioactive Waste Ecology, EPA and DOE identify the same longiterm performance standard, 10,000 yrs, to he one of the
40 CFR IPen 191 parameters evaluated in the ERDF risk assessment. Subpart A applies to facilities regulateQ by the

Nuclear Regulatory Commission and sets maximum committed effective dose (CED) of 15 rprem/ yr for
any member of the public. Environmental standards set in Subpart B address protection of individual
members of the public and groundwater at disp6sal facilities. Disposal systems are to be designed to
provide protection for up to 10,000 yr following disposal and undisturbed performance shoulld limit
individual members of the public to a CED of less than 15 Groundwater protection standard for
radiological contaminants will be set at the levels promulgated under 40 CFR 141.

Uranium Mill Tailings Radiation Control Act

of 1978 42 USC 2022

Health and Environmental Relevant & Appropriate Requirements of this act are relevant and appropriate because radioactive waste contnining uranium will be
Protection Standards for Uranium disposed at the ERDF. The standard is not applicable because the ERDF will not be used for disposal of
and Thorium Mill Tailings 40 uranium or thorium millings. Subpart B concentration limits may be used as performance criteria for the
CFR 192 ERDF. Groundwater protection requirements R.a-226, Ra-228 and gross alpha partiqle activity are set at

EPA established drinking water levels. I

Nuclear Regulatory ;Standards for Protection Relevant & Appiropriate The regulation establishes standards for protection of the public against radiation arising from the use of
Against Radiation regulated materials and as such are relevant and appropriate. Radioactive material from sources not
10 CFR DD licensed by the NRC are not subject to these regulations, therefore this standard is not appliqable because

the ERDF will not be NRC licensed. Operation of the ERDF should limit external and internal exposure
from releases to levels that do not exceed 100 mrem/yr, or 2 mrem/ hr from external exposure in
unrestricted areas. Specific concentration limits of contaminants of concern resulting from airborne
releases allowed in unrestricted areas are based on annual effective dose equivalent from internal exposure
of 50 mrem for adults.
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Table 7-1. Identification of Pcdentiltl Federal ARARs for the ERDF. (Sheet 4 of 13)

Applicable,
Relevant & Appropriate,

or To Be Considered, . Comment
ReuiPements

DOE Order 5400.5 - Radiation Protection of To Be Considered Thiei DOE Order sets radiation standards for protection of the public in the vicinity of DOE facilities.
the Public and the Environment This DOE Order is TBC under CERCLA because DOE Orden are not promulgated standards. However,

I compliance with DOE Orders is required at the Hanford Site. The DOE Order sets limits for dhe annual
effective dose equivalent of 100 mrem, but allows temporary limits of 500 mre:m if avoidance of higher

, '. exposures is impractical. The standard sets annual dose limits for any organ al: 5 mrem. An annual dose
equivalent from drinking water supplies operated by DOE is sel: at 4 mrem andl notes that liquiA effluent
from DOE activities will not cause public drinking water systems to exceed EPA MCLs. The DOE Order
also establishes design lifetime control and stabilization features as given in 40 CFR 192, including control

' and access features to be effective to reasonable extent for 1000 yrs, and in any case no less than 200 yrs.

Toxic Substance Control Act

15 USC 2601 el seq.

Regulation of PCBs Applicable TSCA requirements arepotentially applicable to the ERDF because PCBs have been identified as potential
40 CFR 761 conluminants of concern and may be disposed of at the ERDF above the regulated concentration of 50

ppm. This regulation establishes handling, storage and dispoeah requirements finr wastes with PCB
concentrations greater than 50 ppm.

I

LOCATTON SPECIFIC

National Historic Preservation Act of 1966 Not AR.AR Requirements established under this act are not applicable or relevant and apprr,priate to the ERDF
USC 470 et seq. because no facilities located at site are currently listed on or proposed for inclusion on the National

Register of Historic Places.

Archeological and Hisnoric Preservation Act Not ARAR This act requires that ac[iona conducted at the site must not cause the loss of any archeological and
16 USC 469a-1 historic data. This act varies from the National Historic Preservation Act in that it mandates only

preservation of the data and not the actual facility. This Act is not applicable or relevant and appropriate
because no archeological or historic sites have currently been identified within the ERDF area, however,
if archeological or historic sites are identified, then these requirements may he applicable.

Endangered Species Act of 1973 Applicable This law is applicable and must be considered during design, operation and clouure of the ERDF because
16 USC 1531 et seq. it establishes requirements to protect species threatened by extinction and habitats critical to their survival.

No animal or plant species on the federal or stale lists of endangered or threatened species where
identefied during an ecological survey of the ERDF site. Endangered and threatened species and critical
habitat are found elsewhere on the Hanford Site. However, the survey identified both plant and animal

- species considered as candidates for inclusion on federal and/or state lists of threatened or endangered
species. The Washington State Department of Wildlife and the federal Fish and Wildlife Service should
be consulted to determine management policies for candidate species and evaluate the biological
importance of these species.
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Table 7-1. Identification of Potential Federal A1RARs for the ERDF. (Sheet 5 of 13)

- -

equirements

Applicable,

Relevant & Appropriate,
or To Be Considered,

-

i i

i Comment
i i

Rlesource Conservation and Recovery Act 42 ^. I
USC 6901 at seq - . ,

Standards for Owners and

Operators of Hazsrrdoua Waste ^

Treatment, Storage, and. Disposal

Facilities 40 CFR 264

Locatiam standards Applicable The regulations under this section establish spexific facilfity siting and design requirements based on
40 CFR 264.18 facility location. The requirerrtents of this section are applicable to, the ERDF because the facility will

managehazardouswaste.

Site Selection - DOE-RL Order 4320.2C TBC The purpose of this DOE-RL Order is to ensure that Hahford Site facilities meet program requirements
and consider economic, engine<ring and site planning guidelirms presented in this Order. Under
CERCLA, DOE-RL Orders are TBC because they are nIN promulg6ted standards. However, compliance
with DOE-RL Orders is required at the Hanford Site. Site selection criteria should address such factors as
geology, engineering limitations, ecological, archeological and cultural resources.

Radioactive Waste Management - DOE TBC Chapter III of DOE Order 5820.2A specifies the policies, guidelines and minimum requirements for siting
Order 5820.2A DOE LLW management facilitjes. The disposal site sele:ction criteria are TBC for ERDF and are not

applicable because they are non-promulgated standards. The DOE Order requires that disposal site
selection evaluate the method of waste confinement proppsed, that the location is protective of
groundwater resources, and lodated in areas with low po^ential for natural disasters. i

Hanford IFuture Site Uses Working Group TBC The Hanford Future Site Uses Working Group was charlered with developing a rangeof visions
Recommendations concerning future uses of the Hanford Site. The Group considered a range of cleanup scenarios necessary

to make the future use visions possible. The nxommendations of this group are TBC because they are not
promulgated standards. The Group was comprised of representatives from federal, staae, and local
governments, along with interested tribal, labor, economac development and public inoerest groups. The
Group proposed that areas of the Hanford Site having high future use value be cleanedl up and that the
interior section of the 200 Area plateau be designated for waste management. The group recommended
that wastes from Hanford Site be concentrated in the 200Area plateau. However, the Group further
stated that waste management, storage, and disposal activities should be concentrated within a limited area
and whenever possible, minimize the amount of land devoted to or impected.
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Table 7-1. Identification of Poteniiial Federal ARARs for the ERDF. (Sheet 6 of 13)

Applicable,
Relevant & Appropriate, I

or To Be Considered, Comment
Requirements

Wild and Scenic Rivers Act Not ARAR R@quireinents of this act are not applicable or relevant and appropriate: because the Columbia River is not
16 USC 1271 et seq imcluded in the national system of wild and scenic rivers. The Columbia River has been proposed for

inclusion in the system, however, the ERDF is distant from the Columbia River and the facility will be
designed and operated to minimize migration of contaminants from the. facility to groundwater and is not
anticipaded impact to the Columbia River.

Compliance With Floodplain/ Wetlands Not ARAR This regLlation is not ARAR to the ERDF because the facility is not siited within a floodplain and no
Environmental Review Requirements we:tlands are present at the site. This regulation requires DOE and other federal agencies to comply with
10 CFR 3022 the requiirements of Executive Order 11990 - Protection of Wetlands, and Executive Order 11988 -

, Floodplain Management. Executive Order 11988 requires DOE procedures to insure that any action
conducted in a noodplain consider flood hazards. Executive Order 11990 requires protection of wetlands
from dertruction. This regulation requires federal agencies to implement these considerations through
exiisting federal standards, such as the National Environmental Policy Act. The U.S. Army Corp of
Engineers has established a nationwide permitting program for actions the impact wetlands. Under
CERCLA, on-site actions are not required to comply with administrative permit requirements of federal,
state andl local regulations; however, CERCLA actions must comply with substantive portions of the
regulatidns.

ACTION SPECIFIC

Resource Conservation and Recovery Act, as

amended 42 USC 6901

Criteria for Municipal Solid Relevant and Appropriate This rulC establishes the minimum national criteria for the location, design, operation, cleanup and closure
Waste Landfills 40 CFR 258 of municipal solid waste landfills. This role applies only to municipal solid waste landfills as defined

under the standard that received waste on or after October 9, 1993. The standard defines a municipal
solid waste landfill as a discrete area of land that receives household waste and is not a land application
unit, surface impoundment or waste pile as defined under 40 CFR 25Z This standard is not applicable
because the ERDF does not meet this definition. However, the regulation is relevant and appropriate and
criteria specified in this regulation may be used for ERDF performance evaluations.

Identification and Listing of Applicable These requirements are applicable for all waste generated at or received for disposal in the ERDF. Waste
Wastes 40 CFR 261 must be identified and evaluated to determine if it is hazardous waste.

Generator Standards Applicable Regulatory requirements for facilities that generate hazardous waste are applicable if hazardous waste is
40 CFR 262 generated at the ERDF.
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T'able 7-1. Iderntification of Potential Federal ARARs for the I:IRIJIF. (Sheet 7 of 13)

Qq

equirements

Appllicable,

Relevant & Appropriate„

or To Be Considered,

--

Comment

Standards Applicable to Relevant and Appropriate This section of thq regulation establishes requirements for transponers. of hazardous waste. The
Transporters of Hazardous Waste regulations are relevant and appropriate to the IERDF because the facility will receive only Hanford Site
40 CFR 263 remediation waste for dislposgl. The standard specifies that transponers must maintain recort`s concerning

delivery to treatment, stucegoor disposal facilities, proper labeling of,transported westes and manifest

system compliance.

Standards for Owners and Applicable Regulatory requirements for owners and operators of hazardous waste storage, treatment or disposal

Operators of TSD Facilities facilities are applicable to thel ERDF and may include specific disposal requirements, such as, the minimum

40 CFR 264 ^ technical requiremente (h7TR) for RCRA landfill covers. The general requirements established for TSD

facilities are applicable to CAMUs unless, specifically identified in the CAMU mle, 40 CFR 264.552. For

^ example, CAMUs are exempt from MTR^s since they are not regulated as landfills or surface

impoundments.

General Facility Applicable This section of the reguletion Ispecifies geme:ral facility requirements that are applicable to the ERDF.

Standards ' Requirements include employee training, emergency preperedness planning, contingency planning, and

40 CFR 264.10-- identifies specific requirements for landfills and surface impoundmente:.

264.18

Preparedness and Applicable Facilities must be maintained and operated in a manner that minimizes potential for fire, explosion or

Prevention unplanned release of hazardous waste to air, water or soil. These requirements are applicable because the

40 CFR 264.30 - ERDF will manage hazardous waste.
264.37

Releases From Solid Applicable The requirements of this regulation are applicable to the ERDF because it is a landfill unit cnated to

Waste Management dispose of RCRA hazardous waste. The regulation establishes a prognm for groundwater denection and

Units compliance monitoring.

(40 CFR 264.90-
264.120)

Use and Management Applicable The requirementa of this section are applicable to the ERDF if hazardous waste is stored prior to disposal.

of Containers 40 CFR Subpart I provides standards and management practices for containers that include inspection, segregation,

264.170 - 264.178 containment and closure.
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Table 7-1. Identification of Potential Federal ARA.Rs for the ERDF. (Sheet 8 of 13)

V

equirements

Applicable,
Relevant & Appropriate,

or To Be Considered,

-^--r -.

I

^ Comment I

Tank Systems 40 CFR Applicable

_-r

The requirernents in this section may be applicable to^ the ERDF if hazardous wastes are generated and
264.190 managed usihsg tanks. The section contains performance, operation, monitoring and closure requirements

that apply to'. management of hazardous waste using tanks. I

Closure and Post Applicable This regulatioh describgs closure perfonnance requirements designed to minimize or eliminate the escape
Closure of hazardous, waste conslituents to ground anIand surface waters. Requirements of this regulation are
40 CFR 2.64.110- applicable to the ERDFI because the facility will manqge hazardous waste. Requirements for closure of a
264.120 CAMU will be identifsedut the time the CAMU is deiignated and will incorporate requirements deemed

necessary to'psotection the public and minimize releases to the environment.

Landflls Applicable The regulatiipns in this section are applicable to the EttDF because they address disposal of hazardous
40 CFR 264.300 - waste in lanalfi^lls. Reqdirements are establislhed for design and operation, monitoring, recordkeeping and
264.317 closure and poxt-closure care at hazardous waste Iandfslls. Under the CAMU rule, closure requirements

will he established at the time the CAMU is designated and will incorporate requirements deemed by the

EPA Regionjsl Director to protect the public and minimize releases to the environment.

Corrective Action for Solid Waste Applicable The Corrective Action for Solid Waste Management Upits regulation (40 CFR 264.552) is applicable to
Management Units (CAMUs) 40 the ERDF. This regulalion presents provisions for the use of corrective action management units
CFR 264.552 (CAMUa) and temporary units as remediation waste management units. Specific areas when increased

flexibility in the management of remediation wastes provided by this regulation include; placement of
remediation waste into a CAMU is not considered land disposal of waste and is not subjecUo LDRs;
CAMUS do riot have to meet minimum technology requirements for landfills; and finelly, CAMUe are
only subject to closure requirements as deemed necessary by the EPA Regional Administer and as

appropriate to the waste management unit. The creation of CAMUs allows decision makers and facility
operators incireased flexibility in order to expedite resnediation of environmental releases resulting from

hazardous waste TSD facilities.

Land Disposal Restrictions Applicable These requirements are only applicable to the off-site disposal of restricted waste generated during

40 CFR 268 operation of the ERDF. These requirements are not applicable to disposal of Hanford Site remediation
wastes because the ERDF'will be managed under the CAMU regulations, which specifically exempts

wastes disposed in CAMUs from the LDRc.

Treatment Standards Applicable Hazardous wastes generated at the ERDF that are not lreated to BDAT or do not meet the extract or

40 CFR 268.40 constituent concentration limit are prohibited from off-site land disposal. This regulation is potentially

applicable to any hazardous waste generated at the ERDF and disposed off-site.
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Table 7-11. Identification of Potential Federal ARARs for the ERDF. (Sheet 9 of I3)

:-e

Requirements

Applicable,

Relevant & Appropriate,

or To Be Considered, Comment

I

Prohibition on Storage Applicable Wastes are also prohibited from being stored longer than one year, unless atorage is necessary to facilitate
40 CFR 268.50 proper rFcovery, treatment or disposal. Land ban wastes, generated from We operation of the ERDF and

stored for longer than one year must be placed in tanks and containers ihat meet the requirements, unless
wastes have been treated, treatment has been waived, a treatment variance has been set for the waste, an
equivalent treatment method petition has been approved, or the waste has been delisted.

Clean Water Act of 1977,

33 USC 1251, as amended i

EPA National Pollutant Discharge Not ARAR Both oni site and off-site discharge of waste water to surface waters from CERCLA site are required to
Elimination System (NPDFS) meet the substantive requirements under NPDES. These requirements are not ARAR at the ERDF since
Permit regulations waste water will not be discharged. NPDES requirements include dii:charge limitations, monitoring, and
40 CFR 122 incorporation of best management practices. Substantive requirements for on-site discharges from a

CERCLI4 site must be identified and complied with even though an MPDES Permit will not be obtained.
Off-site discharges from a CERCLA site directly to receiving waters must comply with applicable federal,
state and Iocel requirements. For off-site discharge, a NPDES application must be made 180 days before
discharges actually begin.

Criteria and Standards for the Not ARAR Under Part 301(b) of the Clean Water Act, all direct discharges to wnters of the U.S. shall meet
National Pollutant Discharge technology based requirements. This section is not ARAR since the ER:DF will not discharge directly to
Elimination System surface waters. Beq available technology economically achievable will be used for toxic and non-
40 CFR 125 conventional pollutants. Best management practices are required for any discharge containing pollutants

listed as. toxic or hazardous. Best Management Practices shall be incorporated into the NPDES Permit and
may reflect requirements for Spill Prevention Control and Counter (S PCC) measure plans under Section
311 of the Act and 40 CFR 15 1.
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Table 7-1. Identification of Potential Federal ARARs for the ERDF. (Sheet 10 of 13) ,

Requirements

APPliceble,

Relevent & Approprie¢e,

or To Be Considcred,

i I

i

i Comment

Occupational Safety and Health Act of 1970

(OSHA) 20 USC 333 as amended

OSHA Standards Not ARAR Occupational health and safe^ry requirements, including Sections 1910.9 loniziing Radiation and
29 CFR 1910

, ,
1910.120, Hazardous WasteOperations and Emergency Response, are not AReVt to activities conducterA
at the ERDF. Certain OSHA regulations are included in CERCLA and SARA and thus apply directly tor
CERCLA actions. However^, in general OSHA regulations are not consideredl ^environmental regulations
or standards sn.d are not eval ueted in remedy selection.

OSHA Safety and Health Not ARAR The safety and, health standards under this OSHA regulation are not considered ARAR however all
Regulations for Construction

, ,
constnrction activities at the ERDF are required to meet these occupational standards. Refer to OSHA 29

29 CFR 1926 CFR 1910 for additional dis4ussion. Subparts of the standard address construction activities such as
safety, training', operation of^ mechanized equipment, materials handling, and excavation.

kladiation Protection for Occupational To be Considered DOE Order 5480.11 ienplements radiation protection standards and program ruryirements for worker
'Workers, DOE Order 5480.011 protection at DOE and DOE contractor operations. These standards are TBC umder CERCLA because

they are not promulgated regulations. However, compliance with DOE Ordera is required at the Hanford
Site. These standards were yieveloped to be consistent with EPA standards and are based on
recommendations by organizations recognized as authorities in the area of radiation protection. DOE
policy is to maintain radiatiop exposure as low as reasonably achievable (ALARA). The allowable
effective dose equivalent to a worker from both internal and external sources received in any year is 5
rem. Radiation protection standards for the public entering controlled areas are- set at .1 rem/yr from the
committed effected dose equivalent from any external radiation. In addition, exposure shall not cause a
dose equivalent to any tissue to exceed 5 rem/yr.

Radioactive Waste Management To Be Considered This DOE Order establishes DOE policies and guidelines for the management of radioactive waste and
DOE Order 5820.2A contaminated facilities. Thee:e standards are TBC under CERCLA because they are not federally

promulgated regulations. However, compliance with DOE Orders is required At the Hanford Site. These
guidelines set performance objectives to limit the annual effective dose equivalent beyond the facility
boundary to 25 mrems. Disposal methods selected must be sufficient to limit the annual effective dose
equivalent to 100 mrem for continuous exposure or 500 mrem for acute exposures when institutional
controls are removed.
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Table 7-1. Identification of Potential Federal ARARs for the ERDF. (Shezt I I of 13)

i..1

Requirements

Applicable,

Relevant & Appropriate,

or To Be Considered,

-

----- '-

Commnnt I
i

Chapter Ilt-Management of Low- To Be Considered

_ -_ -

This section establishes the DOE policies and requirements for the management of low-level waste at DOE
Level Waste facillities and should be considered during development of the EFtDF. the DOE Orqer estalblishes an

effective dosc equivalent to members of the public not to exceed 25 mrem/yr from rpluses of radioactive
material. The DOE Order identifies performance objectives to liimil: exte:mal exposure and p,rolectioro of
groundwater.' The DOE Order includes siting, design, operation and closure requirements for LLVJ
disposal facilities. These requirements should be considered during the development of waste acceprance
criteria.

Clean Air Act of 1977, as amended

42 USC 7401 et seq.

National Ambient Air Quality Applicable Requiremente of these regulations are applicable to airborne releasps oL'radionuclide¢ and ctiteria
Standards 40 CFR 50 pollutants specified under the statue. Specific release limits for particulntes are set ar. 50 ug:n/m' anmually

or 150 per 24-hour period. Standards for airbome lead measured as elemer^tal lead are set at 1.5
ugm/m', maximum arithmetic mean averaged over a calemdar quarter.

New Source Performance Relevant and Appropriate The requirements of this regulation are not applicable to he ERDF becJuse the ERDF is not one of the
Standards 40 CFR 60 industrial categories specifically identified in the regulation. However, fhe slanderds may be considered

relevant and appropriate if the ERDF has the potential to emit a contaniinant or utilizes a technology
similar to the pollutant or technology regulated by a New Source Perfonmance Standard.

National Emission Standard for Applicable Theae requirements are applicable to the ERDF because the potential to'release air emissions to
Hazardous Air Pollutants unrestricted areas exists. Subpart H sets emissions limits

from
the

entire
facility

to ambient air not exceed
(NESHAPs), Subpart H - an amount that would cause any member of the public to receive an effective dose equivalent of 10
National Emission Standards for mrem/yr. The definition of facility includes all buildings, structures anml operations on one contiguous
Emissions of Radionuclides Other site.
than Radon From Department of

Energy Facilities 40 CFR 61
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Table 7-1. Identification of Poterjtial Federal ARARs for the ERDF. (Sheet 12 of I3^

equirements

Applicable,

Relevant & Appropriate,

or To Be Considered,

-

Comment I I
i

Atomic Energy Act of 1954, as amended
Title 42 USC 2011 et seq.

Nuclear Regulatory Standards for Relevant & Appropriate The regulation establishes standards for protection of the public against radiation arising from the use of
Protection Against Radiation 10 regulated materials and as such are relevant and appropriate. Radioactive. material from sources not
CFR 20 licensed by the NRC are not subject to these regulations, therefore this standard is not applicable because

wastes received at the ERDF are not from NRC licensed facilitiee. The ERDF should be operated to limit
external and internal exposures from releases to levels that do not exceed 100 mrem/yr, or 2 mrem/hr
from external exposure in unrestricted areas. Specific concentration limits for contaminants are addressed.
These limits are under chemicel-cpecific ARARs.

Licensing Requirements for Land Relevant & Appropriate 'I'hese regulations establish the licensing requirements for )and disposal of LLW waste at NRC licensed
Disposal of Radioactive Waste 10 facilities. These regulations are not applicable to the ERDF because the regulation is not applicable to
CFR 61 DOE generated waste at DOE-owned sites. However, the requirement that diaposal systems must be

designed to limit the annual dose equivalent beyond the facility boundary below 25 mrema to the whole
body, 75 mrems to the thyroid, or 25 mrem to any other organ are relevant and appropriate to the ERDF.
I'he regulation identifies specific technical requirements for disposal of LLW that may be considered
relevant and appropriate to the ERDF.

Environmental Radiation Relevant and Appropriate Containment requirements established by this standard are not applicable to the ERDF because no wastes
Protection Standards for the meeting the definition established in 40 CFR 191.02 (ii) will be disposed at the facility. However, the
Management and Disposal of snandard may be relevant and appropriate because the regulation establishes performance standards for
Spent Nuclear Fuel, High-Level radioactive waste disposal facilities. The final rote published in the December 20, 1993 Federal Register
and Transuranic Radioactive (58 FR 66398), effective January 20, 1994, statea that radionuclide release to the environment for a period
Wastes 40 CPR Part 191 of 10,000 yr after disposal shall not exceed the limits for drinking water established in 40 CFR 141, as

they exist on the date the implementing agency determines compliance. The final role requires that
disposal methoda control radiation exposure for at least 10,000 yeara and limits the radiation exposure to
em individual of no more than 15 mrems committed effective dose (CED) per year.

Health and Environmental Relevant & Appropriate Standards for cleanup set under this program may be considered as performance criteria for the ERDF and
Protection Standards for Uranium as such are relevant and appropriate. The standard is not applicable because radioactive wastes from
and Thorium Mill Tailings 40 uranium or thorium milling sites will not be disposed at the ERDF.
CFR 192
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Table 7-1. Identification of Potential Federal ARARs for the ERDF. (Sheet 13 of 13)

Requirements

Applicable,

Relevant & Appropriate,

or To Be Coneidered„

I

Comment

Havrdous Materials Transportation Act
(49 USC 180I, et seq)

Hazardous Materials Regulation Applicable The standards established under this regulation specify tlut ino person may offer or acce t haunlous
49 CFR 171

p
material for transportation in commerce unless the matedal is property classed, deacribed, packaged,
marked, labeled and in condition for shipment. These nequi.rements sro applicable to hazardous material
generated by or shipped from the ERDF.

Hazardous Materials Tables, Applicable This regulation is applicable to hazardous materials generated at or shipped from the ERDF. The class of
Hazardous Materials each haurdoue material is identified in tables with requirements for acka in labelin and
Communications Requirements

p g g, g
transportation. Small quantities of radioactive materials ero not subject to any other requirements of the

and Emergency Response chapter if the activity level does not exceed levels specified under ¢4173.421, 173.422, or 173.4•24.
Information Requirements Packages used for shipping hazardous materiala ahall be designed and constructed, and its contents so
49 CIFR 172 limited, that under conditions normally incident to transportation, thero is no significant release of

hazardous materials to the environment.

0
tIl

^D

b

lD

0



THIS PAGE INTENTIONALLY
LEFT ELANK



i'^^-i^f ^! r1;/^•, ^ ^ 'i.

Table 7-2. Identification of Potential State ARARsfor the ERDF. (Sheet 1of 10)

m

REQUIREMENTS Applicable,

Relevant &

Appropriate, To

be Considered

'. CQMMENTI i

CHEMICAL SPECIFIC

Hezardous Waste Clean Up/ Model Toxics Control Act Ch.

70.105DRCW

Model Toxice Control Act Relevant and Requirementu under this standard may be ttmsidered relevadl and appropriate to the ERDF.
WAC 173-340 Appropriate Theee regulations are not applicable because they address cleanup of contaminants relnsed

into the environment and there have been no releases at the I1dDF. Specific cleanup goals
and methods established in the standard reqiuire implementatiion of the strictest federal or slate

clearmp criteria. For groundwater remedistion under MTCA, MCLOs and secondary

drinking water standards are identified as cleanup criteria. The MTCA also establishes
requiretnents for soil cleanup based on proteMion of groundwater which are se/ at 100 times
the most stringent federal or afate standard, or calculated using standard methods incorporated

in the regulation, unlesn it can be demonstrAted these methods are not appropriete for the siite.

Tbese cleanup standards may be used as petformance objectjves for the ERDF.

Dangerous Waste Regulations

Ch. 70.105 RCW

Dangerous Waste Regulations

WAC 173-303

Designation of Dangerous Waste Applicable The Washington State Dangerous Waste Regulations implemem the federal Hazardous Waste
WAC 173-303-070 Regulations promulgated pursuant to RCRA. Requiremerus found in WAC 173-303-070

establish the procedures and methods to determine if solid waste requires management as
dangerous waste. Theee requirements are applicable as chemical-specific ARARS for the

ERDF because the facility may generate dangerous wastes. 7Lese requirements are not

applicable to the Hanford Site remediation wastes.

Dangerous Waste Characteristics Applicable This section sets forth the methods to classify wastes as dangerous or extremely haurdous

WAC 173-303-90 based on characteristics of ignitability, corrosivity, reactivity„ and toxicity. Clusification of

wastes is only applicable to wastes generatai at the ERDF and are not applicable to

remediation wastes disposed of at the ERDF.
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Table 7-2. Identification of Potential State ARyARs for the ERDF., (Sheet 2 of 10)

Cr

-
^ REQUIREMENTS
'

Applicable,
Relevant &
Appropriate, To

be Considered

- -^-'-
COMMENT . ,

^ i .

Solid Waste Management, Recovery and Recycling Act Ch.
70.95 RCW

Minimum Functional Standards for Solid Waste Relevant and The uandard'sets the minimum requirements for the handling of all solid waste, inc:luding
Handling WAC 173-304 Appropriate operation, monitoring and clowre requirements. 'rhe nxluirements of this standard an not

applicable to the F,RDF because the standard does not address wastes regulated under WAC
173-303. HowevSer, the standard is relevant and nppropriate because it sets meximum
contaminant levele (MCLs) for groundwnter at thei same levels as the drinking water standards
under 40 CFR 141.

State Rsdiation Protection Standards

Ch.70.98RCW
i

Radiation Prtnection Standards Applicable This regulatioa is eonsidered applicable becwse it'esnblishea standards for acceptable levi:ls
WAC 24622:1 of exposure to radiation. The occupational dose limit for adults, excluding planned special

expowres, shall not exceed an annual limit of a total effective dose equivalent equal to 5 irom,
or the wm of the deep dose equivalent and the comntitteid dose equivalent to any individual
organ or tisaux other than the lens of the eye should not exceed 50 rem. An eye doee
equivalent of 15 nm is uA for exposure to the eye. The shallow dmse equivalent for the rkin
or any extremities, is 50 rem. Occupational dose limits for minors are set at 10% of the
annual occupY.donul dose limits for adults.

The standard -eden4ifies the methods required to deimonstrate complilnce and provides derived
air concemranion (DAC) and annual limit on uptake (ALl) values th6t may be used to
determine an individuals occupational dose limits. Dose limita that individual memben oft
public may receivr, in unrestricted areas or from ndioactive effluent, are not to cause an
individual, if continually present in an unrestricted area, to receive from external sources, not
to exceed 0.002 rem in an hour or 0.50 rem in a year. The standard species the requireni.ents
for monitoring personnel exposure from both external and internal exposure.

Chapter 246-221-2.90 establishes annual avenge concentration limlts for radioactive releas}a
in gsseous or liquid effluent released to unrestricted areas. ,

Radiation Protection- Air Eimissions Applicable This regulation promulgates air emission limits for airbarne radionuclide emissions as defined
WAC 2.46-247 in WAC 173-480 and is consistent with federal NFSHAPs. The ambient standard requireu

that enussion of radionuclides to the air must not cause a dose equivalent of 25 mnm per;year
to the whole body or 75 mrem per year to any critical organ.
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Table 7-2. Identification Of Potential State ARARs for the ERQF. (Sheet 3 of 10)

tJ
n

REQUIREMENTS Applicable, COMMENT
Relevant &

Appropriate, To

be Considered

Radiation Protection at Uranium and Thorium Relevant and Requirements established under the Radiation Protection at Uranium and Thorium Milling
Milling Operations WA,C 246-252 Appropriate Operations regulations are not applicable to the ERDF because the site was not a uranium or

thorium milling operation. However, the regulations are releqant and'appropriete because
they contain specific r,oncemntion limits for protection of grotmdwatec set at the same level,
or more stringent than the level established by the IEPA under 40 CFR 192.

LOC ATION SPECIFIC

Depaurtment of Game SEPA Procedures

^

Applicable This regulation defines actions the Dkpartment of Fish and Wiftllife must take to protect
WAC 232-12 endangered or threatened wildlife and sensitive habitat. An ecological survey of the ERDF

site failed to identify any species listed on state and/or federalline of endangered or
threatened species. However, the requirements of this regulation are considered applicable to
the ERDF because threatened or endangered species, and mnsitive or critical habitat are
present elsewhere on the Hanford Site. Even though the majority of thmm requirements are
administrative in nemre, activities at ERDF are required to me.et the substantive aspects of the
regulation and to adhere to the goals of protecting and enhancing wildlife resources. The
Washington State Department of Fish and Wildlife will be consulted conceming management
policies and mitigation that may be neceesary to minimize ecological irnpacts.

Washington State Dangerous Waue Regulations, Siting Applicable The Washington Stam Dangerous Waste Regulations implemecd the federal hazardous waste
Criteria - WAC 173-303-282 i regulations promulgated under RCRA. The siting criteria in WAC 1711-303-282 are

applicable to the ERDF because the facility will manage harandous waate. This regulation
requires that the proposed location of a hanrdous waete facility demonstrate compliance with
the location-specific criteria presented in the regulanion. The criteria limit waste management
facilities to locations that are protective of water resources, ecological resources, human
health, and in areas with low potential of natural disasters.

Sute Radiation Protection Requirements

CH. 70.98 RCW

Radioactive Waste - Licensing Land Dispoeal

WAC 246- 250
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Table 7-2. Identification of Potential State ARARs for the ERDF. ('Sheet 4 of 10)

P.

REQUIREMENTS APplicable, ^ CnMMEHrf
Relevent& i .

APpropriete,To I ,
be Considered I '

Disposal Site Suitability Requirements Relevant and The requirements of this eectiop of the regulation identify criteria and considerations used to
for Land Disposal WAC 246-250-300 Appropriate evaluate site suitability for land disposal of LLW. The requirements of this regulation are not

applicable to the ERDF becaueF the regulation only addresses land disposal of radioactive
wantee received from others. The ERDF will mamtge only LLW resulting from Hanford Site
rennediation. The regulation specifies that L.LW land disposal facilities only be sited in areas
that are capable of being chan ctmized, have mfficiient depth to groundwater, are not subject
to nletunl disasters and are not in areas where natural resources are known to occur.

AC77ON SPECIFIC

Hazardous Waste Manegement Act

70.105 RCW

Dangerous Waste Regulations

WAC 173-303

Land Disposal Restrictions Not ARAR This section of the regulation i^ only appliceble to dangerous wastes generated by the ERDF.
WAC 173-303-140 The section identifies wesms that are restricted from land dispowl, describes requirements for

managing restricted wasla, ansl defines the circumstances under which a prohibited waste
may continue to be landfilled. These standards are not applicable to disposal of remediation
because remediation wastes are exempt from LDRs under the CAMU rule (WAC 173-303-
646), unless otherwise identifiqd by Ecology.

Spills and Discharges into the Applicable Applicable to the ERDF site bhuuae it sets forth the requiremenU that apply when any
Environment dangerous waste or hazardous substance is intentionally or accidentally spilled or discharged
WAC 173-303-145 into the environment, regardless of the quantity of dangerous waste or havrdoue substance.
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TabIle 7-2. Identification of PcrtentialSltate ARARs for the ERDF. (Sheet 5 of 10)

^4

N

REQODtEMENTS
I

Applicable,

Relevant &c

Appropriate, To

be Considered

COMMIENT,

General Requirements for Dangerous Applicable Ge:neral requirements fordangermu waste management facilities are applicable to the ERDF
Waste Management Facilities and de:finee requirements that identify acceptable treatnwnq storage, or disposal practices for
173-303-280 designated dangerous waeite. The facility siting standards preaeMedl under this section are

4incusiwd as location-speCific ARARs. Oeneral require:mems specified in this section include
procedlurea for facility pemtitting, employeetnining, emergency pceparednen, contingency
planning, and management of containers. Additional n:quirementa for landfills, and surface
Smpoundments are also idcluded in the regulation.

General Waste Analysis Applicable Waste is required to be ahulyzed to deterrnine the prese•.nce of dangerous waste before it is
WAC 173-303 :100 stored, treated, or disposed. These requirements are alpplicable to wastes generated by, and

disposed in, the ERDF.

Sikurity Applicable lBecuriity procedures are required so that the ERDF will not cause injuries to personnel at the
WAC 173-303-310 site or to the public, and that access to the site is conu+olled. new requirements aro

applicable because dangerous wastes will be managed at the ERDF.

General Inspection Applicable leieeluire.mente to inspect ficilities to prevent malfunctions and deterioration, operator errors,
WAC 173-303-320 and discharges that may cause or lead to the release of dangerous wsete constituents to the

environment, or a threat to human health, are applicabl:e to the ERDF.
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Table 7-:2. Identification of Rbtential State ARARs for the ERDF. (Sheet 6 of 10)I

tJ
M

REQUIREMENTS Appliceble,

Relevam &

Appropriete; To

be Consid enei

COMMEI^1T

Perronnel Training Relevant 4nd: This section requires a program of cleseroom instrtiction, or on-the-job training, for facility
WAC 173-303-330 Approprie.te personnel and is relevant and appropriate to the ERDF because CERCLA already establiehes

specific personnel training requirements.

Preparednese and Prevention Relevant and This section describes preparations and preventive imeasuree, which help avoid or mitigate
WAC 173-303-340 Appropriate fire, explosion, or unplanned sudden or nonsuddenreleases of dangerous waste or dangerous

waste constituents. This section is relevant and appropriate to the ERDF because CERCLA
already requirements preparation of a health and safety plan that includes emergency
preparedness preparations.

Contingency Plan and Relevant and Contingency plans are required for dangerous waste management facilitier, however, this
Emergency Procedureu Appropriate requirement is considered relevant and appropriate at the ERDF because CERCLA already
WAC 173-303-350 requires development of a contingency plan as pat, of the site health and safety plan. The

contingency plan describes actions and procedures to be implemented during an emergency
that lessen the potential impact on public health an2` the envi'unment.

Other General Requirementa Applicable The regulations in this section define specific precautions for the management of ignitable,
WAC 173-303-395 reactive, or incompatible wastes. This section is applicable to the ERDP.

Use and Management of Containers Applicable This section discusses procedures for management of containers used to store dangerous waste
WAC 173-303-630 and is applicable if a dangerous waste is generated at the ERDF.

Releases From Regulated Units Applicable The requirements of this section establish criteria for operation and closure of dangerous
173-303-645 waste management facilities, that are designed to minimize releases into the environment.

The section identifies monitoring requirements, the'poim where compliance is to be achieved
and the duration for which compliance must be demonstrated. The section also identifies
reporting requirements thet usist in determining if corrective action may be necessary. This
section is applicable to the ERDP because dangerous wastes will be disposed at the ERDF.
Allowable contaminant concentrations beeed on prol:ection of groundwater are discussed as
chemical-specific ARARS.
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Table 7-2. Identification of Potential IState ARARs for the ERDF. (Sh4.et 7 of 10)

00

RIEQUIREMENTS AFPlicable„

Relevant&.

Appropriate, To

be Considered

COMMENT

Cortective Action WAC 173-303-646 Applicable This section establishes the requirements for corrective action for releases of dangerous wastes
. '. and dangerous constituents from solid waste management units. These requirements are

upplicable to the ERDF because they apply to facilities seeking or required to have a pennit
to treat, store or dispose of dangeroue waste. Correotive action requirements may be fulfilled
using an enlurceable action issued pursuant to the Washington State Model Toxics Control
Act or as established under the requirements of this chapter. For the purpose of perfornung a
corrective action, the regulation allows one or more sections of the facility to be designated as
r.ortective action management units (CAMUs). The use of CAMUs provides the operamr
g;reater flexibility to implement remedial measures. For exempie, placement of remediation
waste into ai CAMU is not subject to LDRs, unless specifically identified by Ecology. The
LDRs exemption is also applicable to remedial actions when wastea removed from various
pans of the facility are consolidated. The regulation identifies seven criteria that the Director
of Ecology may use to designate a CAMU. The operational, monitoring and closure
requirements for e CAMU are defined when the CAMU is designated.

Hazardous Waste Cleanup - Model Toxics Control Act
Ch. 70.105D RCW

Model Toxic Control Act Cleanup Regulations Applicabbe MTCA is potentially applicable to the ERDF. The standard establishes cleanup requirements
WAC 173-340 that idemifyiacceptable contaminant levels or risks, and pmceduru to insurethat cleanup

actions meet the specified requirements. Cleanup requirements for non-radionuclides
established under MTCA may be used to evaluete ERDF performance.

Groundwater Cleanup Standartda Applicable OroundwateK cleanup levels shall be based on estimates of the highest beneficial use and the
WAC 173-340-720 reasonable nuximum exposure expected to occur under both current and potential future site

use. The use of groundwater as a source of drinking water is considered the maximum
beneficial use.

Soil Cleanup Standards Applicable Soil cleanup levels and procedures established under this section are potentially applicable to
WAC 173-340-740 the ERDF. Soil cleanup concentrations are based on a maximum expected exposure resulting

from a residential use scenario. Alternete cleanup levels may be established if appropriate use
restrictions a re placed on the property, if it can be shown that the site is not a residential area
or the site does not have the potential to serve as such in the future. Soil cleanup levels for
industrial/commercial sites are established under WAC 173-340-745 and alternate levels for
other non-residential scenarios may be sM on a caae by can basis.
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Table 7-•2. Identification of Potential State ARARs for the ERDF. (Sheet 8 of 10)

REQUIREMENTS Applicable,

Relevant &

Appropriate, To

be Considered

IX$MMENT

Compliance Monitorihg Requirements Applicable Compliance monitoring is potentially applicable to the ERDF and would be conducted
WAC 173-340-410 acemrding to an approved plan. The plan should include procedums for sampling and

analysis. Statistical parameters may be used to determine compliance with groundwater
I cleanmp levels.

Solid Waste Management, Recovery and Recycling Act Ch.
70.95 RCW

Minimum Functional Standards for Solid Waste Not ARAR Requiimments of this section not considered ARAR to the ERDF because the regulation
Handling WAC 173-304 specifies that dangerous wastes identified under WAC 173-303 are to be managed to

dangerous waste.

Water Pollution Controll Water Resource dmt of 1971
Ch. 90.48 RCW/ Ch.90.54 RCW ,

Protection of Upper Aquifer Zones Relevant & This regulation directs Ecology to provide for protection of upper aquifers and upper aquifer
WAC 173-154 Appropriate zonea to avoid depletions, excessive wa4er level declines, or reductions in water quality. This

regulation is not applicable to the ERDF because the regulation only establishes the policy and

program for Ecology. However, the mguleflon may be considered relevant and applicable
because the ERDF will be designed to protect the upper aquifer xoner.

Minimum Standards for Construction and Applicable Requirements established under this reghlation are applicable to construction of wells used for
Maintenance of Water Wells WAC 173-160 monitoring at the ERDF. This regulation establishes standards for the construction, use and

abandonment of water wells.

Water Quality Standards for Groundwater Relevant & This''attandard establishes groundweter quality standerda. These requirements are relevant and
WAC 173-200 Appropriate appropriate to the ERDF because the potential for contaminants to mignte from the facility to

groundwater exists. The standard is not applicable because CERCLA actions are specifically
exempted by the regulation The sundard explicitly notes that groundwater mmediation
cleanup levels are to be determined using the standards presented in 173-340-720. The ERDF
should be designed and operated in a manner that will protect future beneficial uses of
groundwater.
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Table 7-2. Identification of Potential State ARARs for the ERDF. (Sheet 9 of 10)

IJ

REQUIREMENTS Applicable,

Relevant dc

Appropriate, To

be Considered

COMMENT
i

State Waste IDischarge Program Relevant and Athough no wastewaters will be discharged to soile or surface waten, utorm wnter run-off
WAC 173-21'.6 Appropriate may occur. The chaptkr implements a permil system applicable to industrial and commercial

operations that discharge wastea. CERCLA actions an exempt from aidministrative permitting
requirements. However, the ERDF is required to meet substantive requirements of the
regulation, which are tit nuintain the highest possible standards using all known available and
reasonable methods to prevent and control the discharge of wastes.

Underground Injection Control Program Not ARAR The requirements of thi',e regulation are not ARAR at the ERDF because the facility will not
WAC 173-21 8 use underground injection wells. The regulation sets procedures and practices designed to

meet Safe Drinking Water Act requirements under 40 CFR 124, 141, 144, and 146.
1

National Pollution Discharge Elimination Syetem Not ARAR, Esnblishea a state perndt program pursuant to the National NPDES system created under the
Permit Program WAC 173-220 Federal Water Pollution Control Act. This regulation is not ARAR at the ERDF since

operation of the facility will not result in surface water discharges.

Washington Clean Air Act
Ch. 70.94 RCW and Ch. 43.21A RCW

General Regulations for Air Pollution Applicable The substantive standards established for the control and prevention of eir pollution under this
WAC 173-400 regulation an applicable to the ERDF. The regulation requirea that all sourcea of air

contaminants meet emisaion standards for visibility, particulates, Pogitive odor, and hazardous
air emissions.

General Standards for Maximum Emissions Relevant and This section requires that all emission units use reasonably available control technology which
WAC 173-000-040 Appropriate may be determined for some source categoriea to be more stringent than the emission

limitations listed in this chapter. The rtquirements of this section are not applicable to the
ERDF because the facility does not meet any of the source categories defined under the
regulation. However, the standard may be considered relevant and appropriate because it
establishes maximum allowable air emissions.

Emission Standards for Sources Emitting; Applicable Requirements of this standard are applicable to the ERDF because waste disposal activities
Hazardous Air Pollutants could result in the emisssion of hazardous air pollutants. The regulation requires monitoring,
WAC 173-400-075 source testing, and the use of specific analytical methods for determining hazardous sir

pollutant emissione.
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Table 7-2. Identification of Potential State ARAR.s for the ERDF. (Sheet 10 of 10)

H

REQUIREMENTS Applicable,

Relevant &

APpropriate„ To

be Considered

COMMENT
^ I

i

Standards of Perforrtunce for New Sources Relevant and This section adopts and incoeponl:ea Tide 40 CFR Part 60 as standards of performance for
WAC 173-400-115 Appropriate new sources. The standards are not applicable because the ERDF is not considered one of the

source categories identified in the regulation. However, the regulel:ion may be considered
relevant and appropriate because it establishes review criteria that may be used to evaluate
ERDF impacts on air quality.

Ambient Air Quality Standards and Emission Limits Applicable Requirements of this standard are applicable to the ERDF. The standard specifies that the
for Radionuclides maximum allowable level for radionuclides in the ambient air ahall not cause a nuximum
WAC 173-480 accumulated dose equivalent of 25; Lnrema/yr to the whole body, or: 75 mremdyr to any

critical organ.

State R.ediation Protection Requirements Washington State Radiation Proteh.tion Requirements are implemented under srpecific sections
CH. 70.98 RCW of WAC 216.

Radioactive Waste- Licensing Land Disposal Relevant and WAC 246-250, establishes the prpcedures, criteria and conditions for licensing of LLW
WAC 246-250 Appropriate radioactive waste land disposal for wastes received from others. Trie requirements of this

regulation are not applicable to thg ERDF because the ERDF will only manage DOE wastes
resulting from Hanford Site remediation. This section may be considered relevant and
appropriate because it presents specific levels of radiation protection and technical
requirements foe land disposal of radioactive waste.

Washington Industrial Safety and Health Act

Ch. 49.17 RCW

Worker Safety and Health Not ARAR Regulations under the Washingtoni Industrial Safety and Health Act are not considered ARAR
(WAC 173-340-810) and General Safety and under CERCLA since they are not: environmental standards. However, as occupational safety
Health Standards (WAC 296-24) requirements, the ERDF, must meet the requirements established under this regulation such as

the Worker Safety and Health (WAC 173-340-810) and General Safety and Health Standards
(WAC 296-24).
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Table 7-3. Preliminary Air and Groundwater Chemical-Specific ARARs for the ERDF Contaminants of Potential Concern (Radiionuclides).

Contaminant Drinking Water NRC Standards^-^ Atonao Energy Act,
40, CFR 141a 10 CFR 20b,c Protectlion of the Public

and E:nivironment, DOE

-
Order 5400.5d

--'
Mt~LProposed Water (pCi/C.)

'
Air Water Air

MCL (pCi/L) (p^Cu/rd) (PCi/L) (pCi/m3)

Carbon-1 4 2000/- 30,000 31000 70,000, 6,000

Chromium-51 6000/38,000e 5E+05 30,000 1E+06, 50,000

Plutonium-238 -/7.1e 20 0.02 40 0.03

Plutonium-239 -/65e 20 0:02 30 0.02

Potassium-40 -/-' 4,000 600 7,000 900

Technicium-99 900/3,790e 6E+04 900 I E+05 2,000

Thori u m-228 + D -/I53e 200 0.02 400 0.04

Thorium-232 /9;2e 30 4E's-03 50 7E-03

Uraniium-233/234 -/f ' 300 5Ei-03 500 0.09

Uranium-235 -/f 300 0.06 600 0.1

Uranium-238 -/f 300 0.06 600 0.1

aState Drinking Water Standards, WAC 246-290, are as stringent as ciunent federall MCLs, unless otherwise noted.
bAppendix B, Table 11, Column 2, Concentration Limits for Radionuclides in Liquid Effluent Released to
Unrestricted Areas.

cAppendix B, Table II, Column 1, Concentration Limits for Radionuclides in Air Effluent Released to Unrestricted
Areas.

dDerived concentration guides for air and water.

eProposed MCL as reported in the Advanced Notice of Proposed Rule published in 56 FR 33050, July 18, 1991.
fProposed MCL for uranium is 20 µg/E. (56 FR 33050, July 18, 1991)
- Criteria not listed
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Table 7-4. Preliminary Chemical-Specific ARARs for the ERDF Groundwater Contaminants
(Non-Radioactive Contaminants)

(Sheet 1 of 2)
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Contaminant Drinking Water Standards
40 CFR 141a and

40 CFR 143b

Washington State Model Toxics Cleanup
Act WAC 173-340

MCLs MCLGs Method B Method C

Ground Water

173•340-720c
Ground Water

173-340•720c

(mg/(.) (mgti) (mg2) (mg2)

Aluminum 0.051, - 16 as

Ammonia - _ -

Antimony 0.006 0.006 .064 0.014

Arsenic 0.05 - 5.17E-05 (O.OOSe) 5.17E-04 (0.005e)

Barium 2 -^- 2 1.12 245

Beryllium 0.004 0.004 25E-05d 2E-04

Cadmium 0.005 0.005 0.016 0.035

Chromium (VI) 0.1d 0.1d 0.08 0.018

Chloride 250b

Cobalt -

Copper 1.39 (Ib) • 0.64f 1.4f

Fluoride 4 (2b) 4 0.% 2.1d

Lead 0.0159 0 - _

Magnesium _

Manganese 0.056 - 0.08 0.175

Mercury 0.002 0.002 0.0048 0.01

Nickel 0.1 0.1 32 0.7

Nitrate (N03 as N) 10 10 26 56

Nitrate (N03 as N03) 44 44 _ _

Nitrite (NO2 as N) 1 I • _

Nitrite{N^2 as NO2) 3.3 3.3 1.6 35

Selenium 0.05 0.05 0.08 0.175

Silver --- 0 . 11, - 0.08 0.175

v._ I^..:'_at Ivu° I

Tnaiiium (oxide) 0.002h 0.00059 0.001 0.002

, •'_:c-_':.._: - .. _ew:: - - - --< •. - __. •• 0.1i- 0?S
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Table 7-4. Preliminary Chemical-Specific ARARs for the ERDF Groundwater Contaminants
(Non-Radioactive Contaminants)

(Sheet 2 of 2)

Contaminant- -- -- - - Drinking WaterStandards -- Washington State Model Toxics Cleanup
40 CFR 141' and Act WAC 173-340
40 CFR 143"

MCLs MCLGs Method B Method C

Ground Water Ground Water
173-340-720` 173-340-720°

(mg/L) (mg/L) (mg/L) (mg/L)

Zinc 5" - 4.8 10.5

'State MCLs and bICI.Gs_are_basedoafederal-standards, as amended,
bSecondary Drinking Water Standards are established under 40 CFR 143. Under CERCLA, Secondary MCLs are not
ARAR because they are not federally enforceable standards. However, under Washington State regulation, WAC-173-
340-720(2)(a)(ii) identifies secondary MCLs as applicable groundwater cleanup levels.
`Reference doses and carcinogenic slope factors taken from IRIS (EPA 1993a), or HEAST (EPA 1993b).
^Valance not specified under 40 CFR 141.

`Cleanup level based on concentration for the State of Washington as noted in Table 1, footnote b, WAC 173-340-720.
`HEAST notes that data for copper is insufficient to develop an RfD, however, the Superfund Technical Support Center
indicates an interim RfD between 4E-02 and 7E-02 (EPA 1991a).
'Action levels established by the EPA for water systems serving the public. Water systems exceeding these levels are
reyuireu' to hTipieneilt additional Vea[m0nt.
"Reported MCL and MCLG are for thallium.
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Table 7-5. Groundwater Standards for Contaminants.

t^ !-a
73

^x..,

Contaminant Risk-Based Groundwater Minimum ARAR-Based
Standarda Groundwater Standardb

RADIONUCLIDES (pCi/L) (pCi/L)

^--L 1I^,aiUVn-1Y 510 2,000

Chromium-51 11,000 6,000
1-Iydrngen-3 - -- --- - - 8,500 20,000
Plutonium-238 2.1 7.1
Plutonium-239 2.0 20
Potassium-40 4.2 4,000
Technicium-99 350 900

Thorium-228 + D 8.4 153
Tlioriurn-232 38 30
Uranium-234 29 300
Uranium-235 29 300
Uranium-238 16 300
Total Uranium - 20 µg/L

1::OR;ni'IiCS - (mgiL) - (mg/L)

Aluminum 16 0.05
Ammonia 0.27 -
Antimony 6.4E-03 6E-03
Arsenic 4.1E-04 5.2E-05
Barium - - - - 1.1 - - - - i.i2

l Beryllium 1.9E-03 2.5E-05
Cadniium-- - 8.0E-03 5.OE-03
Chromium (VI) 8.OE-02 0.018
Chloride 2.5E+04 250
Cobalt 0.96 -
wpper 0.64 0.64
Fluoride 0.96 0.96
Lead no tox 0
Magnesium no tox -

angManese_-- 8.OE-02 0.05
1 Murrn .y -- ----- - 4.8E-03 -- ---- --- - 1.0E-03
Nickel 0.32 - I 9.1
Nitrite (NO2 and N) 1.6 1
Selenium 8.OE-02 0.05
Silver 8.OE-02 0.08
Sulfate no tox 250
Thallium (oxide) 1.1E-03 5.OE-04
Vanadium 0.11 0.11
Zinc 4.8 4.8

aBa;ed on a;.1CR of 10-5 and a`riQ of 1 assuming the groundwater exposure scenarios
described in Chapter 6.
bBased on ARARs shown in Table 7-3 and Table 7-4.
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8.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES

This chapter identifies and screens technologies and process options that are potentially
applicable to the ERDF. Chapter 9 assembles the retained technologies into alternatives and
provides the detailed evaluation and comparative analysis of the alternatives.

As discussed in Section 1.3, this R1/FS is limited in scope to the technologies and
alternatives directly applicable to design of the ERDF facility. To fulfill the CERCLA
requirement to address the no-action alternative (i.e., no ERDF), options that do not include
the-ERt3F-ar"so- addressed. Generai response actions other than disposal (such as in-situ
containment and treatment) are not addressed in this RI/FS. The 100, 200, and 300 Area
source operable unit FSs will address the full range of remedial actions applicable to
remediation-of_thecQntaminated sites,including institutional controlsin-situ containment;
excavation, disposal, ex-situ treatment, and in-situ treatment.

The primary-technologies-identified in this chapt?r re.late to the configuration of the
waste containment unit (also referred to as the trench or trenches). These include geometry of
the trench excavation(s), liners, and surface barriers. This FS does not focus on technologies
related to institutional controls, surface water management, dust control, and treatment of
waste waters, although brief descriptions of such technologies are presented for completeness.
These elements are not the focus of this analysis because they do not significantly affect long-
term performance of the facility and are considered design details.

The list of identified technologies is screened to develop a refined list of potentially
feasible technologies that can be used to develop alternatives for the facility. The remediation
technologies are screened using the criteria specified in 40 CFR 300.430(e)(7) of the NCP for
screening of alternatives.

Effectiveness. This criterion focuses on the degree to which a technology reduces
toxicity, mobility, or volume through treatment; minimizes residual risks and affords
long-term protection; complies with ARARs; minimizes short-term impacts; and how
quickly it achieves protection. Technologies providing significantly less effectiveness
than other technologies may be eliminated. Technologies that do not provide adequate

----- ---------------- -------protectio^ of huma;. h^a;u. and the environment shall be eliminated from further
consideration: it should be noted that treatment technologies are not addressed in this
document.

Imalementability. This criterion focuses on the technical feasibility and availability of
the technology and the administrative feasibility of implementing the technology.
Technologies Shat_arenot technically or administrativelyJeasible or that would reauire
equipment, specialists, or facilities that are not available within a reasonable period of
_tSlne may h.°..°.lttntnatawi from fi.! ftht.°.r

Cost. The costs of construction and any long-term costs to operate and maintain the
technology shall be considered. Costs that are grossly excessive compared to the
overall effectiveness of the technology may be considered as one of several factors used
to eliminate technologies. Technologies providing effectiveness and implementability
similarto_that_of_a_nothertechnology_byemplnying a si,nilaT t„ethod of treatment or
engineering control, but at greater cost, may be eliminated.

8-1



DOE/RL-93-99, Rev. 0

The technologies and process options were screened against the criteria in the priority
order listed above using the "fatal flaw" approach. This approach was adopted for efficiency,
and is based on ranking the criteria in order of importance, as listed above. The ranking is
based on CERCLA Guidance (EPA 1988a). Once a technology is rejected, based on
effectiveness, it is not further evaluated based on implementability or cost. Similarly, if a
technology is effective, but not implementable, the technology is rejected; evaluation of cost is
not undertaken. This approach streamlined the evaluation of technologies while maintaining
the screening methodology required under CERCLA.

Evaluation and screening of technologies are performed in a single step. The key
criterion in selecting the screening level (technology class, individual technology, or process
option) is whether there is a significant difference between the technologies or process options
when evaluated against the screening criteria (effectiveness, implementability, and cost).

------Technobogies-and-process optionsthat are}'idgedto have significant differences are screened
separately, and the retained technologies or process options will be developed into separate

tremediation alternatives to allow full evaluation and comparison.,.-.

Process optiors rPrn+ned for any given technology that are screened together (i.e., not
evaluated separately) are considered equally suitable (at the screening level of evaluation).
Selection of representative process options is performed during the development of alternatives,
so that best engineering judgement may be used to select and combine appropriate technologies
and process options into cohesive, integrated remediation alternatives.

The potentially applicable technologies considered for the ERDF are presented in
Table 8-1. The technology screening is also summarized in this table. Brief descriptions of
the listed technologies and discussions of the screening evaluations are provided below.
Technologies retained through this screening process are then incorporated into remediation
alternatives in Chapter 9.

8.1 DISPOSAL

General disposal options considered in this FS include on-Hanford Site near-surface
disposal, off-Hanford Site near-surface disposal, or a geologic repository.

8.1.1 Centralized Engineered Waste Management Facility on the Hanford Site (ERDF)

A centralized engineered waste management facility (ERDF) has been proposed to serve
as the receiving facility for the majority of wastes excavated during remediation of waste
management sites in the 100, 200, and 300 Areas. This facility would be located on the 200
Area plateau. The primary features of the ERDF include the trench(es), rail and tractor/trailer
container handling capability, decontamination and wastewater treatment facilities, railroads,
inventory control systems, and operations offices. Conventional, well-developed technologies
and methods will be used to construct and operate the facility.

The risks associated with the primary exposure paths (direct exposure, surface water
and airborne transport, and transport to groundwater) are minimized for an ERDF located on
the 200 Area plateau. Such a location is characterized by an and climate with low
precipitation and low natural infiltration, a thick vadose zone, absence of nearby surface water
bodies, and relative isolation from the public. The Hanford Site also provides excellent
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institutional controls to limit public access to the vicinity of the 200 Area plateau. In contrast
to offsite disposal facilities, transportation of waste from Hanford Site operable units is not a
major concern in terms of public risk and public perception. Hauling distances would be short
and contaminated materials wouldnotleave theHanford Site. Standard Hanford Site safety
and environmental controls, including packaging standards and personnel protection, would be
used. Additional controls would be used if appropriate.

While waste management facilities could be constructed at individual operable units
within the Hanford Site, the ERDF offers economies of scale in construction, monitoring, and
administration. A centralized waste management facility provides centralized inventory of
wastes disposed and uniform waste screening, handling, and disposal procedures. In addition,
removing all waste from the 100 and 300 Areas allows these areas to be released for uses other

---- than-wa.9te fn9n^-, v__c__' Site.....bcmeit. --rnlaCeiicnt ofi na,uuiu ^1derived wastes in an ERDF on the 200
Area plateau is retained for further consideration.

a-^x

8.1.2 Engineered Waste Management Facilities at Individual Source Operable Unit Sites
_

^y; Landfills similar in design to the ERDF but with smaller capacities could be constructed
at source operable unit sites in the 100, 200, and 300 Areas. Waste management facilities
located in operableunits alongthe Columbia River would overlie much thinner vadose zones
and would be much closer to surface water than a 200 Area ERDF; therefore they would be
less protective of human health and the environment.In addition, construction, administration,
and monitoring of multiple, smaller waste management facilities is expected to be more
difficult to implement and more costly than a single, centralized Hanford Site waste
management facility. Furthermore, long-term management of wastes along the Columbia River
would conflict with recommendations by the Hanford Future Site Uses Working group
(Drummond 1992). Construction of multiple waste management facilities at the source
operable units is considered less effective, more difficult to implement, and more expensive
than a centralized waste management facility on the 200 Area plateau and is not retained for
further evaluation.

8.1.3 Offsite Waste Management Facility

Use of an ofisite waste management facility for permanent disposal is similar in concept
to the other waste management facility options discussed above. The offsite facility would
probably be a general low-level waste facility serving a state or regional area, and would most
likely offer similar long-term effectiveness as a centralized Hanford Site waste management
facility. The disadvantages of using an offsite waste management facility are:

1) There are few existing or planned facilities prepared to accept significant quantities
of IDlxed waste.. The nearettExicting farility i c Fnvirocare of Utah, Inc., located west

of Calt Lake .̂.r'.•t`• TTr.,I.y, .,s.., approximately 1,100 km (700 mi) from the Hanford Site.

2) The potential for accidental contaminant release over long transportation distances
outside of Hanford Site controlled areas presents significantly greater short-term public
risk than an on-site waste management facility.

3) Public opposition to offsite disposal of Hanford waste is likely to be high, resulting
in significant administrative difficulties.

!tA
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4) Transportation distances and costs associated with an off-site facility would be
significantly greater than for an on-site facility.

Therefore, while an effective off-site waste management facility may be constructed, this
technology is not retained based on poor short-term effectiveness, low implementability, and
high cost.

8.1.4 Geologic Repository

A geologic repository is an underground disposal facility constructed in a stable
geologic setting with low rates of groundwater movement. The design goal of a geologic
repository is to prevent exposure of biological receptors to radioactive waste or radioactive
constituents for at least 10,000 years. A properly located and designed geologic repository
would be a very effective disposal technology for Hanford Site remediation wastes.

A geologic repository for high-level nuclear waste (spent nuclear fuel and byproduct
wastes) is proposed for construction at Yucca Mountain, Nevada. Another repository for TRU
Waste, the Waste Isolation Pilot Plant (WIPP), is presently under construction near Carlsbad,
New Mexico and may be operational within a few years. These facilities will not be large
enough to accommodate the estimated quantity of Hanford waste. In addition, transportation of
radioactive materials presents significant administrative difficulties and has the potential for

_------------release of J3ntadt]inants-during tran^„I,`Ort (see- SeCtio.: 8. i.. abvve).

Development of another geologic repository, either on or off the Hanford Site, would
be a very expensive undertaking. Several billion dollars have already been spent at Yucca
Mountain and WIPP for facilities that are designed for waste volumes several orders of
magnitude smaller than expected at the Hanford Site. A new geologic repository of sufficient
capacity would cost billions of dollars.

Use of existing or planned geologic repositories is not retained because they do not
have the capacity to accept the volume of waste expected from remediation of Hanford Site
operable units. A geologic repository constructed on the Hanford Site is not retained based on
the very high estimated cost of such a facility relative to other effective and implementable on-
site alternatives.

8.2 TRENCH CONFIGURATION

The implications associated with different trench configurations for the waste
management facility are evaluated as individual technologies. A comparison of three
configurations that address different depths and widths is presented in the following
subs-:tions. The comparisons are based on information provided in U.S. Army Corp of
Engineers ( 1993c). The following assumptions are common to all the configurations:

• The quantity of excavated soils is assumed to be 23.3 million m' (30.5
mihion yd'), cornprised-of-_21 .2 miaion m3 (28.5 tnillion yd') of waste
and an additional 1.5 million m' (2 million yd') for interim soil cover.
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Unshored excavations may be used providing side slopes are flat enough
to be stable. Current conceptual designs include 3H:1 V(horizontal to
vertical) side slopes, which are not expected to require shoring.

Stockpiled soils are expected to be used for liner construction, clean soil
cover during filling operations, cover construction, and as clean backfill
for source operable units from which contaminated materials originate.

Because the soils being excavated are believed to be clean, no excavation
health and safety precautions beyond normal construction practices are
expected to be required. As part of normal construction practice at the
Hanford Site, a radiation survey will be conducted before excavation
begins.

Three different cross-section configurations, shown in Figure 8-1, are considered in this
analysis: a shallow multiple-trench design, a shallow area-fill design, and a deep area-fill_

M P mnam>nt .Y...Y......,^6ili....y problems^+esig-n. -'!'herearY no i . ..r l roblems related to construction or operations identified
for any of the trench configurations discussed below. Therefore, the differences between the

-^
rlneione we r nF o^ to °fi°.n.t'V°°° andw.b.. ..v.a n Y ♦ GLGJJ a^lLL \.VJL.^

8.2.1 Shallow Trench Design

The shallow trench design, shown in Figure 8-1, is a trapezoidal trench with a depth of
10 m(33 ft), a bottom width of 30 m(100 ft), and a top width of 90 m(300 ft). The unit
capacity of this design is 650 m3 per linear meter (260 yd' per linear foot) of trench,
corresponding to a total trench length of 35,000 m(117,000 ft). The shallow trench
configuration is most similar to existing practice at the Hanford Site low-level burial grounds.

The advantage of the shallow excavation versus the deep excavation is that the waste is
10 m(33 ft) further from groundwater, resulting in longer migration times to the saturated
groundwater system. Assuming that the average thickness of the vadose zone is 80 m(260 ft),
the travel times will be 17 percent longer for the shallow excavation design than for the deep
excavation desien-

A significant disadvantage of the shallow design compared with the deep excavation
^lesign-+s the-greater landitsagz. As described in U.S; Army CorpofEng!neers (1993d), the
total area required to accommodate the shallow trench design is 6.5 km2 ( 1,600 acres),
cornpared-with-2.f km2 (`o•i5 acres) for the shallow area-fill design and 1.5 km2 (375 acres) for
the deep area-fill design. Greater land usage will result in greater impacts to surrounding
ecological habitat and cultural resources. Furthermore, given that total infiltration through the
trench is proportional to the area of the facility, the shallow trench design results in
significantly more leachate generation than the area-fill designs.

i!te nighsurface-area-of ih€-sha!!ow excavaticn also results in higher liner and surface
barrier cost. As described in U.S. Army Corp of Engineers ( 1993c), the total costs for the
liner and cover using the shallow trench design are approximately two to three times greater
than the cost using the area-fill designs.
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The shallow trench design is eliminated from further evaluation because it results in
greater impacts on ecological and cultural resources and greater leachate generation than the
area fill designs, as well as substantially higher costs.

8.2.2 Shallow Area-Fill Design

The shallow area-fill design, shown in Figure 8-1, is a trapezoidal trench with a depth
of 10 m (33 ft), a bottom width_of 300-m-(1,000ft), and atop width ef 370 in (1,200 ft). The
unit capacity of this design is 4,000 m' per linear meter (1,600 yd' per linear foot) of trench,
corresponding to a total trench length of 5,700 m(19,000 ft).

This design retains the advantage of the shallow excavation regarding distance above
groundwater. Assuming that the average thickness of the vadose zone is 80 m(260 ft), the
travel times will be 17% longer for the shallow excavation design than the deep excavation
design.

The shallow area-fill design represents a compromise between the shallow trench design
^-® and the deep azea fill design regarding land usage. As described in U.S. Army Corp of

Engineers (1993c) the total area required to accommodate the shallow area fill design is
2.6 km2 (645 acres), approximately 60% less than the shallow trench design, and 70% more
than the deep area-fill design. The compromise in land usage results in a compromise in terms
of-impactstosurroundingecological and cultural Tesource.,^ and the amount of leachate
generation. This design results in total liner and cover costs that are approximately twice the
costs for the deep area-fill design (U.S. Army Corp of Engineers 1993c).

The shallowarea-fill-design-}s eliminated from further evaiuaiion because, in
comparison to the deep area-fill design, it results in greater impacts on ecological and cultural
resources and greater leachate generation. These effectiveness disadvantages are considered
more important than the 17% advantage in travel time. In addition, costs for this design are
significantly greater than the deep area-fill design.

8.2.3 Deep Area-Fill Design

The deep area-fill design, shown in Figure 8-1, is a trapezoidal trench with a depth of
20 m(70 ft), a bottom width of 300 m(1,000 ft), and a top width of 430 m(1,400 ft). The
unit capacity of this design is 8,800 m' per linear meter (3,500 yd' per linear foot) of trench,
corresponding to a total trench length of 2,600 m (8,700 ft).

The disadvantage of this design compared with the shallow excavation designs is the
smaller distance between the waste and groundwater. Assuming that the average thickness of
the vadose zone is 80 m (260 ft), the travel times will be 17% longer for the shallow
excavation design than for the deep excavation design.

The deep azea-fill design results_in 1hesmallest-land-usage-requiretttents €csr-al',-three of

the trench configurations considered in this report. As described in U.S. Army Corp of
Engineers (1993c) the totai area required to accommodate the deep area-fdl design is 1.5 km2
(375 acres), approximately 40% less than the shallow area-fill design. This reduced area will
result in the least impact to surrounding ecological and cultural resources and the least amount
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of leachate generation. Furthermore, this design results in significantly lower costs for the
liner and cover (U.S. Army Corps of Engineers 1993c).

The deep area-fill design is retained for further evaluation because it results in the least
impacts on ecological and cultural resources and the least leachate generation. In addition,
costs for this design are significantly less than the other designs.

8.3 DUST CONTROL

Dust control includes measures to prevent wind dispersion of contaminated material.
Because most types of dust control are surficial treatments, they do not prevent humans or
animals-from-directly contactingtontaminated soil at'u`,e site and are generally ineffective in
preventing offsite migration of contaminants in surface water run-off. Several approaches to

, _.._ dust control are available:

• Adding water to increase the moisture content and reduce dust generation
during waste placement.

Materials such as cement, clay, and organic polymers can be sprayed on
or mixed with waste before or during placement to bind the soil matrix
or on high traffic areas to minimize dust from equipment. This type of
dust control is relatively inexpensive and well-suited for dust control in
construction zones over the short term. Because binding additives
deteriorate relatively quickly they generally must be re-applied on a
regular basis (a few weeks to months) and are not well-suited for long-
term stabilization of soil surfaces.

• Vegetation can be planted to hold the soil together, reduce wind velocity
at the ground surface, and reduce the velocity of surface water run-off.
Vegetation is useful for long-term stabilization of soil surfaces and also
increases evapotranspiration, which results in reduced infiltration.
Because vegetation requires time to grow and is not resistant to
equipment traffic, it is not useful for dust control in construction zones.
It should be noted that vegetation could potentially bring contaminants to
e.gu- arP if rnntc nnnntrota into rh o °.°°te.,....., i.............. ..... .....

The waste can be contained within containers to prevent dust releases.
Although some waste (primarily high activity wastes) will likely be
placed in the ERDF within single-use containers, the costs associated
with containerizing all the waste would be prohibitive with minimal
additional benefit.

Temporary structures (domes) can be used to cover an excavation. This
is the most effective and most expensive dust control measure.

Terminate construction activities at wind speeds approaching 7 m/sec (15
mph).

--In- itself;-dust-control is-not considered effective for permattent remediation of soil. it is
retained for consideration in combination with other technologies that involve handling of
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contaminated soil and dust generation. In addition, vegetation is retained as an important
element of surface barriers.

8.4 SURFACE WATER MANAGEMENT

Surface water management involves controlling surface water run-on and run-off at the
site. The purpose of these controls is to minimize erosion and run-off of contaminated soil,
minimize erosion of cover/barrier materials, and prevent ponding that could increase the
amount of water infiltrating through contaminated soils. The controls must eventually be
incorporated into the unloading area to prevent run-off of contaminants.

The most common surface water control is grading the ground surface to promote
adequate drainage without excessive erosion. In addition, diversion measures, such as berms
and ditches, are commonly used to prevent clean surface water from entering a site (run-on)
and prevent potentially contaminated surface water from leaving a site (run-off). Potentially
contaminated surface water can be collected and treated, if required, prior to discharge.
Revegetation can also be used to reduce erosion by stabilizing the soil. Vegetation can be
difficult to reestablish in and climates. However, once established, revegetation requires little
or no maintenance.

Surface water controls by themselves are not generally effective as a permanent
remedy. These controls may be used as short-term measures, such as during excavation, or as
long-term measures as a cornponent of a surface barrier, for example. Routine maintenance is
required for continuing effectiveness. This technology is therefore retained for use in
conjunction with other remediation technologies.

R5 Si1RFACF. RARRTFRS

Surface barriers are constructed on the ground surface over contaminated materials and
may include a variety of materials such as clay and other types of soils, synthetic membranes,
asphalt, and concrete. They may consist of a single layer or be composite barriers with several
layers. Barriers provide containment in three primary ways:

The barrier serves as a physical barrier to prevent humans, other
animals, and vegetation from coming in contact with contaminated
materials.

The barrier prevents erosion of contaminated soil by surface water and
wind, thereby preventing ofrsite transport of contaminants via these
media.

The barrier can have low permeability and thus function as a barrier to
infiltration of surface water. Less infiltration will reduce the potential
for transport of contaminants through the vadose zone to the saturated
groundwater zone.

Barrierscanbe designed ao-he compatible with ma^.y potential f^:^:re site uses.
Institutional controls (deed restrictions) are often used along with barriers to prevent future site
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activities that could violate the integrity of the barrier. For example, foundation pilings would
not be allowed to penetrate an impermeable barrier.

All the barriers addressed below are generally readily implemented using standard
design andconstructiontechniaues. Although the different barriers have different resource
requirements-mat may affect implementabiiity, these factors are not considered significant at
the_screening stage. Resource reauirements_will_ be evaluated in the detailed evaluation of
alternatives in Chapter 9. The evaluation provided in this section focuses on differences in
effectiveness and cost.

8.5.1 Soil Barrier

kf,

,Tz

1.`s

-.^...

One or more layers of soil may be used to cover a contaminated site. For discussion
purposes, soils barriers can be divided into non-engineered and engineered barriers.
Er,gineered soil covers inciude airiendments to improve their effectiveness. For example,
adding gravel to the top layer may enhance protection against wind erosion, and adding a
compacted or fine-grained component to the top layer may reduce surface infiltration.

Non-engineered Soil Cover. The standard practice at the Hanford Site for interim
remediation of contaminated waste units and non-RCRA waste management trenches is to use
2.5 to 5 m(8 to 16 ft) of non-engineered native soil as backfill to provide a thick soil cover.
A sufficiently thick soil barrier is effective in providing shielding from radiation, preventing
humans, other animals, and shallow-rooting vegetation from contacting contaminants, and
preventing offsite migration of contaminated materials via surface water or wind erosion.
Generally these barriers do not reduce infiltration compared to native undisturbed surface soils.
In fact, the lack of vegetation and topsoil can result in greater infiltration than in undisturbed
vegetated areas. Furthermore, unless they are extremely thick, non-engineered barriers do not
provide long-term protection against penetration of deep-rooting plants into the waste. Non-
engineered soil barriers may be used as interim covers during ERDF operations to control air
releases and provide a working surface for equipment. However, due to low effectiveness
regarding infiltration, non-engineered soil barriers are not retained for further consideration as
the long-term ERDF barrier.

Biological Intrusion Barrier. One type of engineered soil cover utilizes one or more
layers of coarse materials at the surface to promote free drainage and minimize establishment
of rooting plants. These layers may also be designed to discourage burrowing animals. This
type of cover, sometimes referred to as a biointrusion barrier, should only be applied on the
Hanford Site in situations where infiltration of precipitation is not a concern. Non-vegetated
coarse materials at the surface enhance infiltration, permitting more rapid percolation of water
through the waste and into the soil column. Since protection of groundwater is a RAO for the
ERDF, biointrusion soil barriers are not considered further in development of alternatives.

Low-Infiltration Soil Barrier. Another type of engineered soil cover includes a
----sutzaee iayer of fine-grained soils and gravel admix to ietain moisture and promote growth of

vegetation, thereby minimizing infiltration. The surface layer may consist of natural silty soils
or bentonite-amended native soils mixed with gravel. The gravel provides protection against
erosion. As discussed in Section 4.2.2, fine-grained, vegetated surface soils appear capable of

------reductna infiltratt?,n to ZeiC or close t^v zero under Han.:;rd Site conditions. Similar to the non-
engineered soil barrier, the low-infiltration soil barrier does not provide long-term protection
a ainsi enetration of deQ -rpoti plants-into-Lhr-=aast^ ••°- a. to .`:°--- ?__-- p- -_-ng (Ot^1e:-f,^8n p;"^cCt:uu uuc to uu^ktleSS
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of the barrier). If maintenance of the facility included removal of deep-rooting plants before
they penetrate the waste, the effectiveness of this type of barrier could be enhanced.

A typical cross-section of a low-infiltration soil barrier is shown in Figure 8-2. The
total thickness of this barrier is 4.6 m(15 ft). Based on the unit costs shown in Table 8-2, this
barrier would cost $21/mZ ($2.0/ft^ to construct. This unit cost is significantly less than
composite barriers discussed below. The low-infiltration soil barrier is retained for further
consideration.

8.5.2 Asphalt Barrier

,-_,
Z7

;

;•,e
.;x

-Asphalt-eatrbettseIto-provide a sir,gle-layer, low-permeability barrier (not counting
foundation layers, if required). When maintained, asphalt can be an effective barrier against
wind erosion, intrusion from burrowing animals and deep rooting plants, and surface water
erosion. While effective in the short-term, asphalt requires relatively high maintenance to
offsPt degradationand crackingo d--̂̂ -P to wP?thering and settlement. Because asphalt barriers are
not effective for long-term, reliable protection, they are not retained for further consideration.
However, an asphalt layer is used as a component in some of the composite barriers discussed
in Section 8.5.6.

8.5.3 Concrete Barrier

Concrete can be used to provide a single-layer, low-permeability barrier and has many
of the same properties as asphalt. When maintained, concrete can be an effective barrier
against wind erosion, intrusion from burrowing animals and deep rooting plants, and surface
water erosion. Over the long term, concrete requires relatively high maintenance to offset
degradation and cracking due to shrinkage, weathering, and settlement. Because concrete

--- -ftarriers are-not effective for long-term, reiiabie protection, they are not retained for further
consideration.

8.5.4 Low-Permeability Clay Barrier

A clay barrier is generally constructed with a layer of low-permeability, high plasticity
clay covered by clean native soil for vegetative growth and to prevent the clay structure from
deteriorating due to-ireezing.- This barrier issimilartothe low-infiltration soil barrier
described in Section 8.5.1 except the clay barrier is engineered more for low-permeability
rather than moisture retention and evapotranspiration. The clay layer may be constructed of
native or imported clay, or may use native soils amended with bentonite or other materials. In
wet climates, clay barriers are generally considered effective and reliable for reducing
infiltration into the waste. However, Hanford's and climate subjects clay to desiccation, which
can result in cracking and increased permeability. For this reason, stand-alone clay barriers
are not retained for further evaluation.

8.5.5 Synthetic Membrane Barrier

Flexible membrane liners (FMLs) made from synthetic materials such as
polyvinylchloride (PVC), high-density polyethylene (HDPE), and neoprene, are commonly
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used in landfill liners and covers. Their primary purpose is to serve as a barrier to infiltration
of precipitation and to promote surface runoff to drainage collection systems. A synthetic
membrane can provide lower permeability than clay or other soils so long as the membrane
does not puncture, tear or deteriorate. A hydraulic barrier relying primarily on a synthetic
membrane would have a bedding layer of soil to provide a foundation and protect the
membrane during installation. The membrane is then covered with soil to protect against
damage and exposure to ultraviolet components of sunlight, which can weaken or degrade the
membrane.

Provided they are constructed with no leaks and are protected by the overlying soil,
synthetic membrane barriers can virtually eliminate infiltration. However, synthetic
membranes are subject to stresses after installation, such as waste settlement, that can tear the
membrane. Aging and deterioration can also be a problem with some types of FMLs.
Furthermore, w-idespread use of syn+het:c membranes began in the early 1980's; consequently,
long-term effectiveness and reliability of synthetic membranes as impermeable barriers is
uncertain. Therefore, this barrier type is not retained for further consideration.

8.5.6 Low-Permeability Composite Barriers

Composite (multi-media) barriers are designed using multiple layers of different
materials to achieve highly effective and reliable, long-term protection of contaminated sites.
The four composite barriers discussed below include the standard RCRA barrier, the Hanford
Barrier, the modified Hanford barrier, and the diversion barrier.

-- - -- ----- ----- -StattdardRCRABarrier.The-most well-knowncompncite harrier is the standard
RCRA Subtitle C barrier, which is designed to meet the minimum technology requirements
(MTRs) specified in 40 CFR 264.310 for hazardous waste landfills. EPA has published
guidance for complying with MTRs (EPA 1989c). A RCRA barrier design will typically
contain the following layers (top to bottom):

• Vegetative layer - vegetated silt and gravel admix, typically 0.6 to 0.9 in
(2 to 3 ft) thick, to protect the barrier against damage (e.g., erosion),
and provide moisture retention and evapotranspiration to decrease
infiltration.

Drainage layer - either 0.3 m(1 ft) of sand or a synthetic geonet to
divert infiltration away from the covered area and minimize hydraulic
head on the infiltration barrier.

Low-permeability layer - typically a synthetic membrane over 0.6 to
0.9 m (2 to 3 ft) of compacted clay with a permeability no greater than
Ix10'' m/s (2.8x10° ft/day). Use of both the synthetic membrane and
the clay provides redundant low permeability; the synthetic membrane
protects the clay against desiccation, and the clay provides a thick barrier
capable of some self-healing if settling occurs.

A typical section for a standard RCRA barrier is shown in Figure 8-3. The synthetic
materials and clay layer will be subject to the same degradation effects discussed in Section
8.5.4 and 8.5.5, and the ability of these layers to maintain their integrity over hundreds or
thousands of years is uncertain. It is likely that over the long-term, the low-infiltration soil
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barrier (Section 8.5.1) would provide an equivalent reduction in long-term infiltration rates.
-- -- ---Th^totalJtttick-ttess-of-the-RGRA-barr,er is 1.5 in (5 8), coruiderably less than the low-

infdtration soil barrier.

The RCRA barrier will be significantly more expensive to construct than the less
complex barriers described above. Based on the unit costs shown in Table 8-3, this barrier
would cost $51/ml ($4.8/ftZ) to construct, approximately 250 percent more than the low-
infiltration soil barrier. Since the long-term effectiveness of the standard RCRA barrier is
probably similar or less than the low-infiltration soil barrier and the low-infiltration soil barrier
is less expensive, this barrier is not retained for further evaluation.

Hanford Rar,;er, The Hanfnrd Barrier, shown in Figure 8-4, is a composite barrier
system specifically designed for the Hanford Site. The Hanford Barrier is comprised of 11
layers in three functional groups:

ce^-a
.:1 , • A water retention and evapotranspiration zone divided into two layers:

an upper layer of silt and gravel, and a lower layer of silt only;

^^ • A biotic intrusion barrier consisting primarily of coarse granular soils
and a thick crushed basalt layer; this group also provides a capillary
break at the base of the first functional group to increase the water
retention capacity;

A low permeability barrier consisting primarily of asphalt.

This design reflects the current thinking of the Hanford Site Permanent Isolation
Surface Barrier Development Program, as discussed in Wing (1993). In order to achieve a

------ --de§1 lit„v of at i-..a 5 ivui..e...^ ..ati. • • • • . •gn ... , .e^... .,,,,,,, y^.,, ..a.,,rat matenats are used to ute extent posstble. The
functions of the Hanford Barrier are based on the following rationale:

Control of surface water infiltration and percolation is provided primarily by the
first functional group. This group retains infiltration near the surface where
high evaporation of the and climate and the high transpiration provided by
various species of vegetation can recycle moisture to the atmosphere. The
capillary break provided by the second functional group has been demonstrated
to double the moisure retention capacity of the first functional group (Wing
1993). Any moisture that does break through the second group layers is finally
diverted from the waste by the low permeability barrier provided by the third
functional group.

• Biointrusion of plant roots and burrowing animals is prevented primarily by the
coarse grained layers of the second iunctionai group. Piant roots do not readily
extend into these "hostile" layers due to their very low moisture content, lack of
nutrients, and large grain size. Both small and large mammals tend not to
burrow more than 1 m (3.3 ft) into fine grained soils. While some animals are
known to burrow deeper than 2 m(6.6 ft), particularly the Western harvester

---_-_ -- - ----- - ant, suchanimalsareexpected in he. de.teTred by the highly compacted asphalt
layer of the third functional group.

Wind and water erosion are controlled by a careful mix of gravel into the
surface layer of the barrier that is sufficient to limit wind and water erosion but
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that is not excessive to the point of enhancing infiltration or limiting plant

growth.

Human interference, both accidental and intentional, is discouraged by use of
offsite markers, surface markers, subsurface markers that will be exposed by
even relatively shallow excavation, and by the overall thickness of the barrier
design and the coarse basalt layer of the second functional group.

The total thickness of the Hanford Barrier is 4.5 m(15 ft). This added thickness,
combined with the basalt and asphalt layers, provide additional protection against intrusion and
erosion compared to the RCRA barrier. Based on the unit costs shown in Table 8-4, the
Hanford Barrier would cost $135/mZ ($12.6/ft^ to construct, approximately 260% more than
the RCRA barrier. The Hanford Barrier is retained for further consideration.

Modified Hanford Barrier. The modified Hanford barrier is conceptually similar to
the Hanford Barrier but has been modified to reduce costs and impacts on borrow sources.
The cross-section of the modified Hanford barrier, provided in Figure 8-5, indicates that this
barrier includes 10 layers and a total thickness of 4.7 m(15.4 ft). Modifications from the
Hanford Barrier design include:

The uppermost moisture retention layer has been reduced in thickness

from 2m (6.6 ft) to lm (3.3 ft).

• The basalt has been eliminated and a general fill layer added to provide

at_least 4,5m (15 ft) thickness. Capillary breaks will be provided at the
top and the bottom of the general fill layer.

Elimination of the geotextile filter.

The protection provided by the modified Hanford barrier is similar to that of the
Hanford Barrier. However, the reduction in thickness of the upper silt layers means that the
moisture retention capacity is reduced in half. Futhermore, the absence of the crushed basalt
layer meaxs thatY.ancraots and iiurrowine animals can penetrate deeper than permitted by the
Hanford Barrier design. Ultimately, the asphalt layer, provides a final deterrant against
penetration into the waste.

Based on the unit costs shown in Table 8-5, this barrier would cost $79/m2 ($7.3/ft2) to
construct, approximately 40% less than the Hanford Barrier. Furthermore, the amount of silt
required is significantly reduced and no basalt is required. The modified Hanford Barrier is
carried forward for further evaluation.

Diversion Barrier. The diversion barrier is similar to the Hanford Barrier except all
the layers above the crushed basalt are eliminated. The total thickness of this barrier is 2 in
(6.7 ft) including two functional groups:

A biotic intrusion barrier consisting of a crushed basalt layer,

A low-permeability barrier consisting primarily of asphalt for diversion
of infiltration.
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This barrier has been proposed because of concerns that the moisture-retaining silt

layers in the Hanford Barrier may actually encourage future generations to plant crops on the
barrier. By placing the basalt at the surface, agricultural development is discouraged. The
disadvantage of this barrier is that it only provides one line of defense (the asphalt layer)
against infiltration, and the amount of water reaching the asphalt will be much greater than for
the Hanford Barrier or modified Hanford barrier. Even if the asphalt results in complete
diversion of the infiltration, the amount of water that will be diverted to the sides of the barrier
will be significantly greater, thereby increasing the amount of infiltration near the outer limits
of the waste. For these reasons, this barrier is not retained for further consideration.

8.6 TIiENCH LINERS

Liners are constructed on excavated surfaces of the waste management trench, and
provide the bottom and sides of the containment system for contaminated materials. Liners

'6' may be constructed of a variety of materials such as clay, other types of soils, synthetic
membranes, asphalt, and concrete. They may consist of a single layer or be composite liners

r' s with several layers. Liners provide containment in two primary ways:

• The primary-purpose-of alineris-toprovide a barrier beneath-the-waste

to allow collection of leachate, thereby reduce the migration of
contaminants into the vadose and saturated zones beneath the facility.
This function is only fulfilled while leachate is removed from the liner.

If leachate is allowed to accumulate on the liner it will eventually migrate
out of the facility.

A secondary function of the liner is to serve as a physical barrier to pre-
- --- -

vent lateral intrusion by burrowing animals, insects, and plant roots.

All the liners addressed below are generally readily implemented using standard design
and construction techniques. Therefore, the evaluation provided in this section focuses on
differences in effectiveness and cost.

8.6.1 Asphalt Liner

Asphalt can be used to provide a single-layer, low-permeability liner (not counting
foundation layers, if required). Because of its low strength, however, asphalt may be prone to
cracking under the loads from the waste and cover. Once cracked, permeability increases and
the effectiveness of the liner is significantly reduced. Asphalt liners are therefore not retained.

8.6.2 Concrete Liner

-- -- Simiin tc asp;^,a;t, concrete can be used to provide a single-layer low-permeability liner.
Although concrete has higher strength than asphalt, it is still prone to cracking due to its brittle
nature and tendency to shrink as it cures. Once cracked, concrete becomes more permeable
and its effectiveness is significantly reduced. Concrete are therefore not retained.
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8.6.3 Low-Permeability Clay Liner

Clay liners are generally constructed with a layer of low-permeability, high plasticity
clay covered by clean native soil as an operations layer. The clay layer may use native or
imported clay, or may use native soils amended with bentonite or other materials that lower its
permeability. If not permitted to desiccate, clay liners are self-healing and are plastic in their
response to external forces. In wet climates, clay liners are generally considered effective and
reliable. However, the and climate at Hanford increases the likelihood of desiccation, which
can crack the clay and significantly raise its permeability. Clay liners are therefore not
retained as a stand-alone liner because of their potential for low effectiveness. However, they
are included in the composite liner designs in the following sections.

8.6.4 Composite Liner Designs

-a Composite liners are designed using multiple layers of different materials to achieve
highly-effective and reliable, 1^-tern pwae iio__at wasie manageirient units. Low-permeabil-
ity is a key design consideration. Design and installation of composite liner requires
specialized expertise, and synthetic liners particularly require specialized installation.
However, this expertise and equipment are readilyavailable- Composite liners aregenerally
more expensive than less complex liners. Two types of liners are considered in this RI/FS: a
single liner and a standard RCRA Subtitle C double liner.

Single Composite Liner. The single composite liner system, shown on Figure 8-6,
consists of the following layers (from top to bottom):

• Operations layer - clean fill 0.9 m (3 ft) thick, to protect the liner against
da.mage from constraction-and-waste placement equip:.,e a.d also
against freezing in the exposed portions of the liner.

Drainage layer - a drainage gravel layer overlain by a geotextile
separator to prevent silting of the gravel by the operations layer. The
gravel layer directs infiltration percolating through the waste to a
collection sump where it is pumped out of the trench. A geocomposite
(a-geinet sandwiched-between-layers of geotext le) is used instead of
gravel on the side slopes of the trench.

Low-permeability liner - a synthetic high-density polyethylene (HDPE)
geomembrane over 0.3 m(1 ft) of compacted clay with a permeability no
greater than 1x10'9 m/s (2.8x10' fUday). Use of two liners provides
redundant low permeability; the synthetic membrane protects the clay

-- -agaii33f_P.eeSi_c£afi-aTd u'?e chLy- Prt7vlQes -a tnt£1t ::ner capaDle ^r Some
self-healing with settling and other geological stresses. A geotextile
CuSau^u uvcaalw uac^^^° ^°°-'°° •` ° HDPE geomembrane to minimize damage during
placement of the drainage layer.

This liner will be effective in capturing leachate during the operational phase and
afterwards, as long as the leachate in the sumps is removed. In contrast with the RCRA
double liner, this liner does not provide a secondary leachate collection system.
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Based on the unit costs provided in Table 8-6, the unit costs for the single composite

are $32/m2 ($3.0/ftZ) for the bottom and $29/mZ ($2.7/ft) for the sideslope. The single

composite liner system is retained for further consideration

RCRA Double Liner. The most widely used composite liner type is the RCRA
Subtitle C liner, which is designed to meet the MTRs specified in 40 CFR 264.310 for
hazardous waste landfills. EPA has published guidance for complying with MTRs
(EPA 1989c). An example of a RCRA double liner is provided in Figure 8-7. The RCRA
MTR double composite liner system is similar to the single composite, with the following
changes and additions:

The clay admix layer is increased in thickness from 0.3 m (I ft) to 0.9 m
(3 ft)

• A second FML and leachate collection system is installed above the

-- - -lower liner and leachate collection system: The individual components of
the upper liner system are the same as those of the lower system.

As with the single composite liner, the gravel drainage layers used on the floor are
replaced by drainage geocomposites for both the secondary and primary leachate collection
systems on the sideslopes.

The RCRA double liner system provides a redundancy not present in the single liner
system, whereby any leachate that leaks through the upper liner is captured in the secondary
system. In addition, the RCRA double liner contains a thicker clay layer -at the liner base.
-Based-omthe;tniteosts provided-in-'fable&,; the-ttnit-coss-for the double composite liner are
$71/m2 ($6.6/ftZ) for the bottom and $64/mZ ($6.0/ft2) for the sideslope. The RCRA double
composite liner system is retained for further consideration

-8,7- INSTITL1TiONAr. CO!yTROfS

Institutional controls, including monitoring, are usually included as a component of any
alternative that relies on containment. Institutional controls prevent or minimize direct
exposure to contaminated waste, thereby reducing risk. They do not prevent offsite transport
of contaminants via air, surface water, or infiltration into groundwater, and are often
ineffective in preventing ecological exposures (e.g., to birds). They also require ongoing
maintenance, albeit simple and inexpensive, to remain effective. Institutional controls and
monitoring are effective within their limitations, are easily implemented, and are low in cost
(and thus very cost-effective). Institutional controls are typically included in any remedy where
contaminants will remain after completion of remediation. All of the institutional controls
discussed below are retained.

Access Restriciions. Access restrictions involve preventing access by unauthorized
personnel. Risk is minimized by preventing exposure except in cases of trespass. Fencing the
site perimeter is the most common means of restricting site access. Security personnel at
entrance gates or patrolling can also be used to restrict site access and prevent or discourage
trespass. Security personnel are significantly more expensive than other access restriction
measures, and therefore use of security personnel is often limited to the period of active
remediation. Long-term use of security would probably be limited to occasional patrols.
Security costs could be reduced by use of remote TV cameras for monitoring the facility.
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Warning Markers. Warning markers would be installed to discourage site trespass by
warning potential intruders of the hazards of entering the area. Warning markers have been
developed for long-term isolation of radioactive waste at the Hanford site. Markers could
include large stone pylons with pictorial and verbal warnings that most people could
understand. In additiQn, -cgramic- disks withsimilar inforraation wrlild be. huriPA at the site
^here they would be enccur,tered by anyoTie digging ihere.

Land Use Restrictions. Land use restrictions can include zoning and deed restrictions.
At present, the Hanford site is not subject to zoning. However, zoning could become relevant
under some future uses. Deed restrictions involve specific limitations on future land use that
are incorporated in the deed of ownership to the property. Such restrictions would prevent
activities that could cause direct exposure or releases of contaminants. Deed restrictions
accompany the deed to the property in a manner that is legally binding and must be transferred
to all subsequent owners of the property. The restrictions would include a description of the

-.^-, site and reasons for the limits on future activity.

Monitoring. Under CERCLA, site monitoring is a required component of any site
remedy (including "no action"). Short-term monitoring is conducted to ensure that potential

^rt risks to human health and the environment are controlled while a site remedy is being
N. implemented. Long-term monitoring is conducted to measure the effectiveness of the remedy

- ----and thereby ensure that the remedy continues to be protective of human health and the^..,.
environment. A monitoring plan will be developed for the selected remedial action. The type
of monitoring performed will depend on the nature of the remedy. Monitoring would include
sampling and analysis of air, surface water run-off, and groundwater as appropriate.
Monitoring would also include periodic site inspections to determine maintenance needs.

Air monitoring would be used to detect airborne contamination generated during
remedial activities, so that appropriate mitigation measures could be taken. Long-term air
monitoring is normally not necessary if no contaminated soil remains exposed on the surface
following completion of remediation.

Surface water would be monitored for contamination in waters that contact or might
have contacted contaminated materials from the site. As with air monitoring, surface water
monitoring is normally a short-term measure conducted during remedial activities. It would
not be necessary if no contaminated soil remains exposed on the surface following completion
of remediation. There are no surface water bodies near the proposed ERDF location.

--- Groundwater monitoring wouid consist of establishing a network of groundwater wells
(using existing wells where possible) upgradient and downgradient of contaminated soil, and
collecting and analyzing water samples from them on a regular basis. For the ERDF unit,
groundwater monitoring would be conducted on a long-term basis to determine if the
containment system is functioning adequately.

8.8 WASTEWATER TREATMENT

Potential sources of contaminated wastewater at the ERDF include sanitary wastewater,
decontamination facility wastewater, and trench leachate. The sanitary wastewater will be
treated in a septic system and disposed to an on-site drain field. The decontamination facility
wastewater and the trench leachate will be combined and treated in a single treatment facility.
Estimated flow rates are as high as 6.3 million L/yr (1.7 million gal/yr) (U.S. Army Corps of
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Engineers 1994). The primary contaminants in the wastewater are likely to be metals and
radionuclides, although organic compounds may also occur. Potential treatment technologies
are discussed below.

Gravity Separation. Gravity separation is a common, well-established technology for
removal of suspended solids from water. It is effective only on larger particle sizes; very
small particles must be removed by filtration. Sedimentation or clarification are common
gravity separation processes. However, gravity separation would be usable as an ancillary
technology. This technology is therefore retained for further consideration.

Filtration. Filtration is a method for removing suspended solids from a liquid using a
porous medium. Filtration cannot directly remove chemicals that are dissolved in water.
However, filtration is very effective at removing solids created by precipitation technology.
Filtration is typically used at the beginning of many treatment systems to remove particulates
that may affect later treatment operations. Filtration is retained for further consideration.

Ion Exchange. Ion exchange has been widely applied to the treatment of high flows of
wastewaters with dilute concentrations of metals. The contaminant ions are exchanged with
ions on the resin (e.g., Na'). When the exchange capacity for a bed is reached, the resin is
regenerated with a brine solution. The regenerant exchanges the original resin ion with the
contaminant ion, using an acidic, basic, or brine solution (depending on the specific resin).
The regenerant stream then contains the contaminants in a more concentrated form. Cation
resins can be weak acid, strong acid, and chelating-type resins. Anion resins are weak or
strong base types. The resin is chosen to selectively remove the target contaminant. A
mixture of resins may be used to remove multiple contaminants.

Ion exchange resins are easily fouled by suspended solids and organic compounds. The
ion exchange influent is usually treated to remove high levels of organic compounds (if
present) and filtered to remove suspended solids. The regenerant solution is treated to remove
the metals for disposal, generally by precipitation. The sludge from precipitation is then
dewatered and disposed. Ion exchange is a proven technology and can be applied to a range of
contaminants; therefore, it is retained for further consideration.

Reverse Osmosis. Reverse osmosis (RO) can be used to remove the inorganic and
some organic compounds from water. RO separates dissolved materials in solution by
diffusion through a semi-permeable membrane. Pressure is used to overcome the osmotic
pressure caused by the dissolved compounds. Treatment by RO results in a permeate stream
with low concentrations of ions and organic compounds, and a low-volume reject stream that
contains the concentrated dissolved compounds. RO is effective for a wide range of metals.
Removal efficiency is dependent on membrane type, operating pressure, and the specific
compounds.

Equipmer.t from a large number-of -vendors is available commercially. RO has been
used to concentrate metals from dilute solutions and also has been used to remove uranium
from solution. Membranes are easily fouled by suspended solids and some organic compounds
andare expensive toreplace. PIe-treatment by-f}ltratinn is y,cy,any required. RO is a proven
technology for removal of inorganic contaminants in wastewater, and is retained for further
consideration.

Electrodialysis. Electrodialysis uses a direct current electrical field and ion-exchange
Inernbranes to separate ionic species from solution. The electrodialysis process consists of an
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electrolytic cell containing an anode and a cathode separated by cation-selective and anion-
selective membranes. The feed material enters the cell between the two selective membranes.
When a direct current charge is applied to the cell, cations are attracted to the cathode and
anions to the anode. Ions pass through the appropriate membrane and are concentrated in two
brine solutions. The process has limited waste treatment applications because of the sensitivity
of the membranes to fouling. Based on its sensitivity to membrane fouling and cost, this
technology is not retained.

Evaporation. Evaporation can be used to achieve physical separation of water from a
dissolved or suspended solid. Evaporation can be accomplished using boilers to evaporate the
water (and possibly condensers to recover the water) or using solar energy to evaporate waterfrom

evaporation ponds or tanks. Evaporation is feasible for low flow rates and is retained for
further evaluation.

Electrolysis. Electrolysis is a process in which there is electrochemical reduction of
metal ions at the cathode. These ions are reduced to elemental metal. Electrolytic recovery is
used primarily to remove metal ions from concentrated solutions such as metal plating and
etching solutions. Treatment of dilute solutions using conventional electrolysis is not practical
because of high power consumption. The process is not feasible for treatment of ERDF
wastewaters-because of tdte-low-concenrrarionq of •,,er^s, and the technology is therefore not
retained.

Precipitation. - Dissolved metals in wastewaters are rypically found as metal cations.
The addition of specific chemicalsto the-solutioncausesthametal ratiotu to react and
precipitate out of solution as insoluble compounds. The most common chemical precipitation
technology uses lime (Ca(OH)2) to produce insoluble hydroxides. Other common precipitation
chemicals are caustic soda (NaOH), sulfides, and carbonates. Selection of precipitation
chemicals-is-ba^ed-on o$umber ofsite-speciflc paiaueters. Prrxipitates are filien removed
from solution by flocculation and sedimentation or filtration. Sludge from precipitation is then
dewatered for disposal. Additional treatment (e.g., chemical fixation) may be required or
desired.

Presipitationisgennerallymore-effEctive-forwastew2teF-witl}3iiflue;,t.TicaaiS

concentrations in the mg/L range rather than the µg/L range. Low influent concentrations may
not provide enough driving force for the precipitation reactions to occur quickly, and
overdosing-of-treatrne-nt chemi8alS would be requircu. vvcr dosing will result in a larger
amount of solids for final disposal. Precipitation is better suited to treatment of a concentrated
secondary stream (e.g., regenerant from ion exchange). Chemical precipitation is retained for
further consideration.

Air Stripping. Air stripping is a process that transfers a contaminant from the liquid
phase to the vapor phase. Air stripping is an effective process for removing volatile and
slightly soluble organic compounds from water. The effectiveness of air stripping is related to
the air/waterpartitioningof the contaminant determined by Henry's Constant. The stripping
takes place in a column where the groundwater flows downward over trays or packing, and air
flows upward from the bottom of the column, countercurrent to the water flow. The air
stripping process results in an effluent stripped of volatile compounds, and an air stream
containing the stripped volatile compounds. Volatile organic compounds are not likely to be
significant contaminants in ERDF wastewater and air stripping is therefore not retained for
further consideration.
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Carbon Adsorption. The carbon adsorption process utilizes activated carbon to
provide a solid surface where organic compounds can be removed by adsorption. Carbon
adsorption may used in liquid-phase or vapor-phase media. For treatment, the medium is
passed through beds containing activated carbon where the contaminants are adsorbed. When
the-adsorptiwe capacity for the eontaminants has-beenexceeded;-the-activatecl-carbon-must be
replaced. The adsorptive capacity of activated carbon depends on the target compound and the
individual characteristics of the carbon. Performance characteristics of activated carbon vary
by source and manufacturing methods. Volatile organic compounds are not likely to be
significant contaminants in ERDF wastewater and carbon adsorption is therefore not retained
for further consideration.

Enhanced Oxidation. This technology includes processes in which the oxidation state
of a substance is increased with subsequent destruction or conversion of undesirable organic
chemicals to CO2 and Hz0 or other less harmful materials. This technology is not normally
applicable to metals. UV photo-oxidation utilizes strong oxidants, such as hydrogen peroxide
or ozone, combined with ultraviolet (UV) radiation to oxidize organic contaminants. Volatile
organic compounds are not likely to be significant contaminants in ERDF wastewater and
enhanced oxidation is therefore not retained for further consideration.

Chemical Oxidation/Reduction. Chemical oxidation-reduction reactions are used to
reduce toxicity or to transform a substance to one more easily handled. For example

^,----------------oxidfltiofl-rednetion-reacti3F.s-between-w8ste componentS-and-2ddcd-chem[cals-in w.:ich'u`ie
oxidation state of one reactant is raised while that of another is lowered. An example of
chemical reduction is the conversion of hexavalent chromium to trivalent chromium, which is
less toxic and more easily removed from solution than hexavalent chromium. Chemical
oxidation or reduction generally requires the addition of relatively large quantities of chemical

------ ---- ---- ^virli7ing or rati^ring agents and is therefore generally expensive. Other effective and less
costly technologies are available for treatment and this technology is therefore not retained.
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Table 8-1. Summary of Screening Results for Groundwater Remediation Technologies
and Process Options. (Sheet 1 of 3)

Technology/Process Option Screening Comments Retain

Disposal
Centralized Engineered Facility on Effective, relatively easy to implement, low-cost Yes
the Hanford Site (ERDF) compared with other options.

Engineered Facilities at Individual Less effective, more difficult to implement, and No
Source Operable Unit Sites more expensive than a centralized landfill.

Off-site Facility Good long-term effectiveness, but poor short-term No
effectiveness,}aw implementabi;iiy, and'nigh
cost. I I

Geologic Repository Very effective, but low implementability and very No
high cost.

Trench Configuration
Shallow Trench Design Less effective and more costly compared with the No

deep area-fill design.

Shallow Area-Fill Design Less effective and more costly compared with the No
deep area-fill design.

Deep Area-Fill Design Effective and relatively cost-effective. Yes

Dust Control Not effective in itself, but effective in Yes
combination with other technologies.

Surface Water Management Not effective in itself, but effective in Yes
combination with other technologies.

Surface Barrier
tlSnil-Barrier

Non-engineered Soil Cover Not effective. No

Biological Intrusion Barrier Not effective for protection of groundwater. No

Low-Infiltration Soil Barrier Effective for protection of groundwater. Yes
Moderately effective against intrusion.
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Table 8-1. Summary of Screening Results for Groundwater Remediation Technologies
and P-rocesi_Ql±tiy9s. rcheet. 2.^.f 3)

Technology/Process Option Screening Comments Retain

Asphalt-- Not effcr.t:.e for long-term. No

Concrete Barrier Not effective for long-term. No

Low-Permeability Clay Barrier Not effective in Hanford's and climate. No

Synthetic Membrane Barriers Not certain for long-term. No

Low-Permeability Composite
Barriers

Standard RCRA Barrier Groundwater protection is similar to the low- No
permeability soil cover, but the low-permeability
soil cover provides better protection against
intrusion at lower cost.

Modified Hanford Barrier More resistant to biointrusion and long-term Yes
degradation than the standard RCRA Subtitle C
design.

Hanford Barrier About 90 percent more expensive than the Yes
modified Hanford barrier, but its added thickness
provides additional protection against intrusion.

Diversion Barrier Less redundant than the Hanford Barrier No

Trench Liners
Asphalt Liner Prone to cracking. Once cracked, permeability No

increases and the effectiveness of the liner is
significantly reduced.

Concrete Liner Prone to cracking. Once cracked, permeability No
increases and the effectiveness is significantly
reduced.

Low-Permeability Clay Liner Not suitable for the and climate at Hanford. No

Composite Liner Designs
Single Composite Liner Effective in capturing leachate. Yes

RCRA Double Liner Most effective in capturing Ieachate. Yes

Institutipnal (_'entrnlc

Access Restrictions Effective and feasible. May be used in Yes
conjunction with other technologies.

Warning Markers Effective and feasible. May be used in Yes
conjunction with other technologies.
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Table 8-1. Summary of Screening Results for Groundwater Remediation Technologies
and Process Options. (Sheet 3 of 3)

Technology/Process Option Screening Comments Retain

La.d Use Restrictions Effective and feasible. May be used in Yes
conjunction with other technologies.

Monitoring Groundwater monitoring is a necessary Yes
component of all alternatives.

Wastewater Treatment

Gravity Separation Effective for removal of suspended solids. May Yes
fbe used in conjunciion with other technologies.

Filtration Effective for removal of suspended solids. May Yes
be used in conjunction with other technologies.

IonExchange Effect'sve for removal of metal s and radionuclides. Yes

Reverse Osmosis Effective for removal of metals and radionuclides. Yes

Electrodialysis Susceptible to membrane fouling. Eliminated No
because of high cost.

Evaporation Effective for low flow rates. Yes

Electrolysis Not effective for dilute wastewaters. No

Precipitation Effective for treatment of concentrated secondary Yes
stream.

Air Stripping Not effective for metals. No
..°".:,.^,,.. ,-.u^^.t,tt ..^nCarbon Not effective for metals. No

Enhanced Oxidation Not effective for metals. No
i_
Chemical oxidation/reduction Eliminated because of high cost. No

8T-1 c
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Table 8-2. Unit Costs for a Typical Low-Infiltration Soil Barrier.

Units Quantity Unit Total Cost
Cost

Ye$etation -m' 1 - -$0. 86 1016

Silt and Gravel Admix m' 0.6 $15.48 $9.29

General Fill m' 4.0 $2.61 $10.44

Total Unit Cost (mZ) $21.00

Notes:
m2=10.7ft2
m'=35.2fr'
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Table 8-3. Typical Costs for a Standard RCRA Subtitle C Barrier.

Units Quantity Unit Cost Total Cost

Vegetation mZ 1 $0.86 $0.86

Silt and Gravel
Admix

m' 0.9 $15.49 $13.94

Geocomposite m2 1 $7.49 $7.49

Geomembrane mZ 1 $9.10 $9.10

Compacted Admix m' 0.6 $32.59 $19.55

Total Unit Cost (m2) $51.00

Notes:
m2 = 10.7 8'
m'=35.2ft
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Table 8-4. Typical Unit Costs for the Hanford Barrier.

Units OuanSity _ Unit Cost Tntal ('nst

Vegetation m2 1 $0.86 $0.86

Silt and Gravel Admix m' 1.0 $15.49 $15.49

Silt m' 1.0 $13.02 $13.02

Geotextile Filter m` 1 $3.21 $3.21

Sand Filter m' 0.15 $18.30 $2.75

Gravel Filter m' 0.3 $13.02 $3.91

Cr-itshed$asalt m'' 1.5 $27.46 $41.19

Drainage Rock m' 0.3 $13.02 $3.91

Asphalt Coating -- .r,2 1 $32.1VO $32.10

Asphaltic Concrete m' 0.15 $104.19 $15.63

Asphalt Base Course m' 0.1 $20.77 $2.08

Total Unit Cost (mZ) $134.00

Notes:
mz = 10.7 ft2
m'=35.2ft
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Table 8-5. Typical Unit Costs for the Modified Hanford Barrier.

Units Quantity Unit
Cost

Total
Cost

Vegetation mz 1 $0.86 $0.86

Silt and Gravel Admix m' 0.5 $15.49 $7.75

Silt m' 0.5 $13.02 $6.51

General Fill m' 3.0 $2.60 $7.80

Sand Filter m' 0.15 $18.30 $2.75

Gravel Filter m' 0.15 $13.02 $1.95

Drainage Gravel m' 0.15 $13.02 $1.95

Asphalt Coating m2 1 $32.10 $32.10

Asphaltic Concrete m3 0.15 $104.19 $15.63

Asphalt Base Course m' 0.1 $20.77 $2.08

Total Unit Cost (m2) $79.00

Notes:
m2 = 10.7 ft2

m'=35.2ft'
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Table 8-6. Typical Unit Costs for a Single Liner System.

Bottom Liner Units Quantity Unit
Cost

Total
Cost

Operations Layer m' 0.9 $2.61 $2.35

Geotextile Separator m2 1 $3.21 $3.21

Primary Drainage Gravel m' 0.3 $13.02 $3.91

Geotextile Cushion mZ 1 $3.21 3.21

Primary HDPE Geomembrane mZ 1 $9.10 $9.10

Compacted Admix m' 0.3 $32.59 $9.78

Total Unit Cost (mZ) $32.00

Sideslope Liner

Operations Layer m' 0.9 $2.61 $2.35

Primary Drainage Geocomposite mZ 1 $7.49 $7.49

Primary HDPE-Ge„^membrane m2 - 1 - i n9:10 $9.10

Compacted Admix m' 0.3 $32.59 $9.78

Total Unit Cost (m^ $29.00

Notes:
m2= 10.7ftz
m'=35.2ft
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Table 8-7. Typical Unit Costs for a RCRA Subtitle C Double Liner System.

. ,._ s

,_

Q;^

Bottom Liner Units Quantity Unit
Cost

Total Cost

Operations Layer in, 0.9 $2.61 $2.35

Geotextile Separator mZ 1 $3.21 $3.21

Primar-y Drainage Gravel m' 0.3 $13.02 $3.91

Geotextile Cushion mZ 1 $3.21 $3.21

Primary HDPE Geomembrane m2 1 $9.10 $9.10

Geotextile Cushion mz 1 $3.21 $3.21

Secondary Drainage Gravel _m' 0.3 $13.02 $3.91

Geotextile Cushion m2 1 $3.21 $3.21

Secondary HDPE Geomembrane m2 1 $9.10 $9.10

Compacted Admix m' 0.9 $32.59 $29.33

Total Unit Cost (m^ $71.00

Sideslope Liner

Operations Layer m' 0.9 $2.61 $2.35

Primary Drainage Geocomposite m2 1 $6.42 $6.42

Primary HDPE Geomembrane mZ 1 $9.10 $9.10

Secondary Drainage Geocomposite mZ 1 $7.49 $7.49

Secondary HDPE Geomembrane m2 1 $9.1 $9.10

Compacted Admix m' 0.9 $32.59 $29.33

Total Unit Cost (m2) $64.00

Notes:
m2 = 10.7 ff'
m'=35.2ft'

8T-7



TH I S b^^'ti,^„.t

^`' ,^'ta!^ ,yI`^, P 1 :tr.: 4
a

;,' .,r N 9"l L LY

L^^̂ MUNK



DOE/RL-93-99, Rev. 0

9.0 ASSEMBLY AND DETAILED -EI'ALLIATION OF REMEDL4L ALTERNATIVES

Terhnolnoiec reszined followingihesereeningprecevs in Chapter 8 are ssSemblG into
alternatives and evaluated in this chapter. Screening of alternatives was not considered useful

----fDlthicRVF.C23!d-all-SI!&a1-tC£AatltleS EFe-£a.^.ied-ifttO-de[$ile'.l-etlaiuotivia. in ucCtion 9.1, the-- ------ ---- ---- -
technologies are assembled to create a range of altematives that represent various approaches to
achieving remedial action objectives. The criteria used to evaluate the alternatives are discussed
in Sectior>-9_2.-Elemenr.a common to one or more of the alternatives are described and
evaluated in Section 9.3. Section 9.4 describes and evaluates the alternatives against the
applicable CERCLA criteria. Section 9.5 provides a comparative analysis of the alternatives to
accict cnlartinn of the

nrnfnr^nd olfu.nn^;..u
--- ---- ---- -- -----------------,,...,. ...., r.........,.. W.......,......

9.1 ASSEMBLY OF ALTERNATIVES

.-,.^
A range of alternatives is formulated from the technologies and process options retained

in Chapter 8. The key elements of each alternative are described and briefly discussed below.

on - ---•--- - ---;^_•_-- -Otl!erthanllte-no-actlon alternative, alftlte alternatev2; rely c„ a ^o^,^a^-';Le'u' wasie management
facility at the proposed ERDF location. Treatment of the incoming waste is not included in any
of the alternatives; as has been stated previously, treatment is considered in the feasibility
studies for the individual operable units. Institutional controls, dust control, surface water
management, transportation, and wastewater treatment are components of all of the alternatives
(except no action), and are discussed as common elements in Section 9.3. These elements are
considered to be necessary for each of these alternatives, but are not expected to affect the
relative performance of the alternatives.

In addition to a no-action alternative, nine alternatives were developed by selecting
combinations of barrier and liner technologies retained after the screening conducted in Chapter
8. The nine alternatives represent combinations of either no liner, a single composite liner, or a
RCRA-R3-TRdouble composite iiner; with either a low-infiltration soil barrier, a modified
Hanford barrier, or a Hanford Barrier. As discussed in Chapter 8, the shallow trench and
shallow area-fill designs were eliminated due to their high cost and the large area required to
provide sufficient waste capacity. Therefore, each of the nine alternatives is based on the deep
area-fill design, which minimizes the area impacted by construction of the facility. The
alternatives assembled for detailed evaluation include:

• Alternative 1 - No action

• Alternative 2 - No liner and a low-infiltration soil barrier
• Alternative 3 - No liner and a modified Hanford barrier
• Alternative 4 - No liner and a Hanford Barrier
• Alternative 5 - Single composite liner and a low-infiltration soil barrier
• Alternative 6 - Single composite liner and a modified Hanford barrier
• Alternative 7 - Single composite liner and a Hanford Barrier
• Alternative 8 - RCRA double composite liner and a low-infiltration soil barrier
• Alternative 9 - RCRA double composite liner and a modified Hanford barrier
• Alternative 10 - RCRA double composite liner and a Hanford Barrier

The components included in each of the alternatives are summarized in Table 9-1.

q-1
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9.2 EVALUATION CRITERIA

The NCP provides nine criteria for detailed evaluation of alternatives. These criteria
are described below. Application of the criteria to the ERDF RI/FS is developed based on the
directive in the NCP that "the analysis of alternatives under review shall reflect the scope and
complexity of site problems and alternatives being evaluated and consider the relative
significance of the factors within each criteria" (40 CFR 300.430(e)(9)(iii)). The significance of
eacbcriteriaandhow_thev will bbevaluated for the detailed eva_luation is explained below:

1) Overall protection of human health and the environment: Alternatives shall be
assessed to determine whether they can adequately protect human health and the environment, in
both the short- and long-term, from unacceptable risks posed by hazardous substances,
pollutants, or contaminants present at the site by eliminating, reducing, or controlling exposures

-
te-levela establishP!^ during development of remediation goals. Overall protection of human
health and the environment draws on the assessments of other evaluation criteria, especially
long-term effectiveness and permanence, short-term effectiveness, and compliance with ARARs.

This criteria is considered a threshold criteria that must be attained. Assuming the
waste acceptance criteria provided in Appendix C will be implemented, all the retained

alternatives will fulfill the RAOs specified in Section 7.2. Assuming appropriate worker safety
measures and dust controls, all the alternatives will be sufficiently protective of short-term
human and environmental health. Therefore, overall protection of human health and the
environment is not further addressed in the detailed evaluation of alternatives.

2) Compliance with ARARs: The alternatives shall be assessed to determine whether
they attain applicable or relevant and appropriate requirements under federal environmental laws
and state environmental or facility siting laws. This criterion is also considered a threshold
crtter!onthat-mustbe-attatned.--Assuniing-the-accey^tab;°csoiiandleachateconcentrations
provided in Appendix C will be implemented, all the retained alternatives will comply with
chemical-specific ARARs. The determinations provided in Chapter 7 for action- and location-
specific ARARs are valid for all the alternatives except the no-action alternative. Furthermore,
all the alternatives satisfy the ARAR requirements with the exception of the TSCA requirement
that-RCBs greater-than50 mg!kgmust bedisposed itt-a-lined-facility:--In order to--acti.°ept-wastes
with PCB concentrations greater than 50 mg/kg, alternatives that do not include a liner (i.e.,
Aiternatives r 5,and "a) would require a waiver under CERCLA. The circumstances under
which-CERCLAwaivers may be granted-are-listed in Se,etio.n. 7.1. ''''^° TSCA waiver request
would be applied for based on the equivalent standard of performance criteria. Demonstration
of equivalent standard of performance is provided by the analyses in Appendix A for an unlined
trench, indicating that PCBs would not impact groundwater beneath the ERDF. Since all the

--- - alternatives (except the no-action alternative) include a CAMU, evaluation of the CAMU criteria
is provided in Section 9.3.

3) Long-term effectiveness and permanence: Alternatives shall be assessed for the
long-term effectiveness and permanence they afford, along with the degree of certainty that the
alternative will prove successful. Factors that shall be considered, as appropriate, include the
following:

Magnitude of residual risk remaining from untreated waste or treatment
residuals remaining at the conclusion of the remedial activities . Residual risk is
associated with migration of contaminants to groundwater and will be addressed
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by predicting the risk via the groundwater pathway for each alternative. The
risk will be predicted using both current climatic conditions and hypothetical wet
climatic conditions. As discussed in Appendix A, none of the alternatives result
in contaminants reaching groundwater within 10,000 years under current climate
conditions. Therefore, the only difference between the alternatives occur under
the hypothetical wetter climate conditions.

• Adeauacv and reliability of controls such as containment systems and
institutional controls . This factor addresses the uncertainties regarding
long-term protection from residuals, the assessment of the potential need to
replace technical components of the alternative, and the potential exposure
pathways and risks posed should the remedial action need replacement. This

factor will be addressed by qualitatively evaluating the durability and
redundancy in the liner and barrier provided by each of the alternatives. In

addition, to facilitate assessment of the no-action alternative, the reliability of
location (near the Columbia River or the 200 Area) will also be assessed.

Reduction of toxicity, mobility, or volume through treatment . This factor is not
relevant to this evaluation since none of the alternatives include treatment.

Long-term effectiveness will be measured in terms of future groundwater risk and
qualitative assessments of liner reliability and barrier reliability. For scoring purposes, barrier
reliability is weighted 0.5, groundwater risk is weighted 0.4, and liner reliability is weighted

0.1. Liner reliability is considered least important because the liner is expected to fail over the
long-term and does not significantly affect risk estimates (see Appendix A). Barrier reliability is
weighted slightly more than groundwater risk because barrier reliability impacts intrusion in
addition to groundwater impacts.

4) Reduction of toxicity, mobility, or volume through treatment: This criteria is not
relevant to this evaluation since none of the alternatives include treatment. Treatment will be
addressed in the source operable unit FSs.

5) Sho^=term effuverG,s: The short-term impacts of alternatives shall be assessed
considering the following:

_^-- Short-term risks that might be posed to the community during implementation of an
alternative . Risks to the community during implementation are associated with
potential air releases of waste constituents during waste transport and placement.
Since operations would be conducted in the same manner for all the alternatives
(except the no-action alternative), this criteria will not differentiate between the
alternatives. The dust controls included in all the alternatives will be sufficient to
protect worker health. Since the proposed ERDF is isolated from the public, public
risk is considered negligible compared with worker risk.

• Potential impacu on workers during remedial action and the effectiveness and
reliability of protective measures . Risks to workers include both exposure to
hazardous substances in the waste and physical hazards associated with construction
activities and equipment operation. Potential worker exposure to waste contaminants
during waste transport and placement would be the same for all the alternatives
(except the no-action alternative). Since all the alternatives involve similar types of
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construction activities, the magnitude of physical hazard associated with an alternative
would be approximately proportional to the amount of labor necessary to construct

the facility. Generally the more complex liners and covers require the most labor.

• Potential environmental imoacts of the remedial action and the effectiveness and
reliability of mitigative measures during im^lementation . Since all the alternatives
(except the no-action alternative) utilize the same trench configuration, environmental
impacts at the ERDF are virtually the same. However, since the three barriers
require differenE quantities-ef siltandtrushai basaii, i,npacis on environmental and
cultural resources at the borrow sources will vary.

Time until protection is achieved . Assuming that all alternatives will result in a
facility ready to receive waste by September, 1996, this factor would be the same for
all the alternatives. As discussed below under implementability, however, those
alternatives that include non-RCRA MTR liners may require greater technical effort
to defend and consequently may take longer to permit. Since the final cover will not
be constructed until after waste is received, non-RCRA MTR barriers should not
impede Hanford's restoration program.

Given these factors, short-term effectiveness will be measured primarily in terms of the
expected number of fatalities due to physical accidents and the impacted areas at the borrow
sites (a surrogate for environmental and cultural impacts). For scoring purposes, the 2 borrow
site impacts subcriteria are weighted 0.4 each, and the worker accidents criterion is weighted
0.2. Worker accidents is weighted less than the other criteria because the differences between
the alternatives are relatively minor for this criterion. The timeliness factor will be evaluated
under implementability. Short-term risk to workers and the public due to exposure to wastes is
addressed in Section 9.3.16.

6) Implementability: The ease or difficulty of implementing the alternatives shall be
assessed by considering the following types of factors as appropriate:

=-Tect!nical^easibilitv.-includ3n^ tech:tica: t'=:fficulties anc3 4nknowns associatG, wi`u`,

- undertaking-additional remedial actions. and the abiiitylo monitor the effectiveness of
the remedy . In general, all the alternatives are technically feasible. However, the
more compiex alternatives that include liners and barriers that require certain weather
conditions for construction are more likely to have problems resulting in schedule
delays. The number of layers in the liner and barrier will be considered a relative
measure of technical complexity.

Administrative feasibilitv, includine activities needed to coordinate with other offices
and aaencies and the ab ilitv and time renuired to obtain anv necessarv aoorovals and
permits from other agencies (for off-site actions) . CERCLA waives administrative
requirement (such as permitting) for on-site activities. Since none of the alternatives
include off-site transport, treatment, or disposal, this factor is not relevant to the
detailed evaluation.

• Availabili ty of services and materials , including the availability of adequate off-site
treatment. storage caoacity. and disposal capacity and services: the availabili 1y of
necessary equipment and specialists , and nrovisions to ensure any necessaa additional
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resources' the availability of services and material • and availability of prosnective -
technologies . The primary differences between the alternatives regarding this factor
is related to the types and quantities of materials included in the liners and covers.
Off-the-shelf materials or materials that utilize soil excavated at the ERDF are
considered easy to obtain. Materials that must be obtained from borrow sources on
the Hanford Site (primarily silt and basalt) will be considered the most difficult to
obtain because of their potential impact on ecological and cultural resources. Impacts
at the borrow sources are addressed under short-term effectiveness and are not further
addressed under implementability.

In summary, the only factor included within implementability is technical
impiementabiiity.

fj-Co,tt-'f'tte-types of-cost-factors-tttat-shall-be-assessed-ittclude thefollowing:

°. i • ['apital costs. includin¢ both direct and indirect costs . Construction costs for the
different liners and barriers will vary significantly.. Therefore, capital costs will be
the primary factor for this criteria in evaluation of the alternatives. Costs for
excayatingthetrench and-supporting facilities will also be determined to provide a
perspective on the reiative significance of the liner and barrier costs. Accuracy of the
cost estimates is generally in the + or - 25% range. More than 2 significant figures

''- were retained in the cost estimates to minimize rounding inaccuracies.

• Anrr^ai oi^eraiicia and maintenance costs . inese are similar for all the alternatives
(except the no-action alternative) and therefore will not differentiate between the
alternatives. Only costs incurred during operation of the ERDF will be considered.
Long-term, post closure monitoring and maintenance costs will be relatively small
and are not included.

• Net oresent value of capital and O&M costs . The net present value will include
capital costs and operation and maintenance costs. Since the barrier will be
constructed after the trench is full, net present value of the barrier costs will be
calculated assuming the barrier will be built 20 years after the liner and supporting
facilities are constructed. A 6 percent discount rate will be assumed.

Comparative performance of the alternatives will be based on the total net present value
of capital and O& M cosu.

8) State acceptance: The state concerns that shall be assessed include the following:

• The state's position and key concerns related to the preferred alternative and other
alternatives .

• State comments on ARARs o r the proposed use of waivers .

The State's concerns have been identified and resolved during the RI/FS review process.
This is a modifying criteria that will also be considered in remedy selection for the ROD.

9)-Cornanur9ty-acceptarecg:- F! is a.,`sessmem includes determining which components
of the alternatives interested persons in the community support, have reservations about, or
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oppose.- This assessment may not be completed until comments on the proposed plan are
received; therefore, this criteria is not addressed in the RI/FS. This is a modifying criteria that
will also be considered in remedy selection for the ROD.

9.3 COMMON ELEMENTS AND IMPACTS

.-,.s

...^_,

^.^

This section describes elements that will be included in one or more of the alternatives
and impacts that will generally be common to one or more of the alternatives. Elements in all
the alternatives (except the no-action alternative) are institutional controls, dust control, surface
water management, wastewater treatment, transportation, supporting facilities, and the deep
area-fill trench configuration. Elements included in more than one alternative (but not all) are
the different liners and barriers. Common impacts discussed in this section include ecological,
air quality, historical resources, socioeconomic, transportation, visual, noise, and worker risk.

_ Iti addition, cost assumptions and e„stitnates for all common elements are provided.

9.3.1 Institutional Controls

Surveillance and access controls are currently maintained for the entire Hanford Site for
protection of government property, classified information, and special nuclear materials.
Additionai institutional controls will be implemented at the ERDF during the operational period
and after closure. These include 24-hour surveillance, fencing, entry control, and warning
signs. Approximately 3 m(10 ft) high chain-link fencing would be built around the ERDF to
prevent inadvertent entry to the trench and operations areas. Radiation and hazard warning

--StgnSwQUId be plaC°.N .^iv iTi (iw 1i) around the fence to discourage trespass.
Groundwater use restrictions would prevent withdrawals of groundwater near the site boundary
and _:;:.d be coordinated with remedial actions undertaken in the neighboring 200 Area.

Institutional controls also include monitoring and maintenance activities. Environmental
monitoring stations will be installed at various locations around the facility (some possibly off-
site). These stations will monitor some or all of the following parameters:

• Weather - wind direction and speed, temperature (off the proposed ERDF site)
• Radiological air monitoring
• Groundwater well monitoring

• Continuous air quality monitoring system.

Maintenance-activities include -maintenance-af tlw-fenee nd-warning sigr^s, niaintenance
of the leachate collection/detection and removal system, maintenance and repairs to the cover
system, and the monitoring systems described above. Maintenance activities may be required
for the tubing, pumps, and piping system of the leachate collection/detection and removal
system. Maintenance of the cover system will include controls and repairs of any damage due
to wind erosion, water erosion, deep-rooted plants, burrowing animals, subsidence and
settlement, seismic events, cover drainage and run-on, and freeze/thaw effects. Periodic
inspections will be conducted to prevent malfunctions and deterioration, human errors, and
discharges that may cause or lead to the release of radioactive or dangerous waste to the
environment or pose a threat to human health.

Preventing Site access and r^iaintaining me cover would minimize the potential for direct
humarra:,d e:.iror^mental-exposure to contaminated soils and wastes associated with the ERDF.
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Therefore, institutional controls address the first RAO: prevent unacceptable direct exposure to
waste. Since it is not known how long institutional controls will remain effective, the surface
barrier provides additional protection against intrusion into the waste. In addition, the surface
barrier provides the primary mechanism for achieving long-term compliance with the third and
fourth remedial action objectives (preventing unacceptable contaminant release to air and.. . . . . •''....,̂,,m.......^..,. aater, r2sY- ..̂_..L,^e,.....-r '̂ because it would detect contaminant releases to groundwater and
signal the need for corrective actions. In addition, groundwater monitoring will be conducted to
provide an additional level of protection against exposure to contaminated groundwater.

9.3.2 Dust Control

' uust controi wiii be conducted to minimize contaminant release to air during the ERDF
operations. Dust control will be achieved by using dust suppressant sprays and controlling
moisture content in the waste. At the end of each shift, the top of the trench fill will be covered

............. .with clean (un^^^^aTMi^ ..̂ted) soil and the working face will be covered with clean soil or sprayed
with a dust suppressant. Dust control will help achieve short-term compliance with the third

'° ----- -- --- -r€medlal-8cttonEb e6ttve vettt it-contaminant release to a'u" -- wellJ ^ unacceptable ^ as e,l as comply
with any ARARs regarding releases to air.

^t.--

9.3.3 Surface Water Management

A drainage system will be developed to be compatible with runoff volume. Stormwater
run-on/runoff systems will be designed to meet the requirements of 40 CFR 264.301. The

------ - stormwater runoff from clean areas of the site will be collected and routed through ditches to a
detention storage pond. Stormwater entering this pond will be metered and discharged to an
existing drainage channel in a controlled manner. Drainage ditches will be vegetation-lined
whe-re-feasible; -attdasphalfand/orconcrete channels where iows are too great for vegetation
channels.

It is anticipated that stormwater runoff in potentially contaminated areas will not require
treatment under normal conditions. If spillage of waste material occurs, however, the
stormwater runoff may become contaminated and require treatment. Therefore, stormwater
runoff from potentially contaminated areas will be collected separately from runoff from clean
areas and routed to RCRA-compliant detention tanks. The wastewater contained in these tanks
will be sampled and uncontaminated drainage will be released to natural drainage areas near the
southwest side of the ERDF trench. If the sampling indicates that treatment is needed, either
lime will be added or the water will be pumped to either the wastewater treatment facility, the
grout plant, or into tankers for off-site treatment.

Potential sources of radioactive contamination include accidental spillage of small
amounts of materials from the tractor/trailer/container or an accident where a tractor/trailer
carrying a full container tips. Special precautions and measures will be taken in transportation
of the radiaactive materials. Therefore, the potential for radioactive materials being in the
storm runoff will be minimized. Due to the expectation that only very low amounts of
radioact-ivity willoccur- inthe runoff, the use of a dedicated treatment system is not justified.
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9.3.4 Wastewater Treatment

Wastewater at the ERDF includes sanitary wastewater, leachate, and decontamination
---- wastewater. The sanitary wastewater from the operations building and decontamination facility

will be collected and treated in septic tanks located near each facility in uncontaminated areas.
The liquid from the septic tanks will be diverted to drain field systems.

The decontamination facility wastewater and the trench leachate will be combined and
treated in the wastewater treatment system. Off-the-shelf reverse-osmosis (RO) units may be

--u$ed to-treatthe-wastewater.--T'l:e cor.centrate from the RO unit will be stored in tanks and

transferred to evaporation basins or used for grout production. The treated (clean) effluent will
-----berecyt'.,led-for-FSse-in tlt.t. decontaiitinatlon faci;ay or used in tanker trucks for dust control.

1'=1
9.3.5 Transportation Expansion and Impacts

4_
" Hanford Site Transportation. The ERDF is expected to receive 150 rail containers of

p v waste per shift. The location of the existing railroad system is shown on Figure 2-35 and 2-36.
_. ?

-^^---------- ----- Inttrder to accommodate waste ttansport to the ERDF, a new railroad track will be constructed
from the existing Hanford rail system north of the 200 West Area to the proposed ERDF site.
The new railroad spur is shown on Figure 9-1. The existing railroad system combined with theT.:..
new railroad system will provide sufficient capacity for the additional rail traffic associated with
the _F.RDF.

Additional car and truck traffic on Hanford roads due to the ERDF will include
primarily truck-hauled waste, truck-hauled clean fill (for filling excavations at the waste units),
commuting workers, and transport of materials for construction of the liner and barrier.
Primary existing surface roads on the Hanford Site are shown on Figure 2-35. Existing and
planned surface roads near the ERDF are shown on Figure 9-1. The ERDF is expected to
receive 65 truckloads of waste per shift. Assuming 80 percent of the excavated waste is
replaced with clean fill from the ERDF, 52 truckloads of clean fill will be transported to the
source operable units each shift. Clean fill will be transported in dedicated "clean" containers;
therefore, a total of 107 truckloads will be transported each shift. Commuting traffic is
expected to include 167 full-time employees for operations, less than 163 workers for

--- -- construction of the Eiu'3F, and -a negligibie number of Hanford site-wide service personnel.
Since some employees ride the bus and others carpool, commuting traffic will likely be less than
150 vehicles per day. The amount of traffic associated with liner and barrier construction will
depend on the specific liner and barrier design and the rate of construction; estimates are
provided in Sections 9.3.8 and 9.3.9. As discussed in these sections, the material hauling
traffic ranges from a low of 14 trucks per day for the single liner to a maximum of 41 trucks
per day for the double liner.

-Adding together u^e traffic loads associated with waste transport, commuting, and
material delivery, a maximum of 310 additional vehicles per day on Hanford roads will be
associated with the ERDF.

'i'ransQortation )3'ithirt rhe-E,HI?F_ -The-tt.anspottatlo-;tnetwork- inside the ERuF
will include the following elements:aciiity

• Incoming waste operations,
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• Waste transfer to the internal ERDF transport trucks,
• Transport of waste within the ERDF,
• Decontamination operations,
• Waste grouting,
• Waste cover,
• Construction.

These transportation elements are discussed below.

Waste-receiving facilities will accommodate delivery of waste materials to the proposed
ERDF from the source operable units and the return of empty containers after external
decontamination. Inbound operations will include waste delivery by tractor/trailer or rail, waste
container transfer to tractor/trailers for internal ERDF transport, manifest checking, and
tractor/trailer^ dispatching_to the-byrialsrenches.- Waste isexpectPxi to arrive at the ERDF in
both- single-use and-reusable-containers- C-ontainers will-be-transferred frarii railcars and

-}° tractor/trailers by wheeled container handlers. The tractor/trailers will travel along dedicated
,;- - paved ERDF haul roads between the railhead and the trench and on gravel roads within the
rT trench.

After the waste is emptied into the ERDF trench, containers will be transported to the
decontamination facility where they will pass though the washing system on conveyors to a
position for transfer back to railcars. Single-use containers will be placed on the floor of the
working area within the ERDF trench by a crane. Backhauled soil will be transported in
"clean" containers that are not used for waste transport.

Materials exca-vatedJrom-the ERDF-trench will be used forgroutaggregate. Cement
will be imported from off-site. Grout production will include transport of aggregate materials to
the batch plant, mixing of the grout in the batch plant, and transfer to a mixer/transport truck.
The grout mixer/transport truck will deliver the grout to the designated grouting area, unload
the grout using the mixer drum and unloading chute, and return to the batch plant.

Materials excavated from the ERDF trench will be used for daily cover. Cover material
will be spread and compacted by a dozer unit towing a vibratory roller compactor. At the end
of each shift, the exposed working face areas will be covered by a dust suppressant material.

--^-------Taii':2r^y6if2,i,8riia a"s-sociateai wiin cofiSiiuciion of the ricDr include transport of
excavated materials from the trench excavationto stockpiles aithin the_ERDFand-transpnrt of
liner and barrier construction materials within the ERDF. The maximum on-site traffic load
would be associated with simultaneous trench excavation and liner construction. Trench
excavation is expected to include 33 pieces of equipment (see Section 9.3.7) and liner
construction would include a maximum of 41 trucks (see Section 9.3.8) for a total of 74
vehicles.

9.3.6 Other Supporting Facilities and Activities

clthPr- r. '. _ ....ecun„nrra^9 rhMt;>;es and activities inciude'ouiidings, a grout batch plant,-___ _ __ _..^.....

equipment foainternaland external communications;-emergency-response,-aitd-personnel
protection.
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--- bui ldings w ill-
• . . . .

the --- the--- ,^^.^ ou^^„umgs wbe mcmaea in mr:KDF: hoperations building, the
-- tlecontamination-faeilit3; and-the wastewatertreatiiient faciiity.- The operations building will

nclude personnel decontamination (showers and change rooms), a lunch room, maintenance
- shops, and offices. The decontamination facility will provide a control room for

decontamination operations personnel, a nersorinel decontamination area, restrooms, and a
container decontamination, monitoring, and storage area. The wastewater treatment facility will
include treatment equipment.

Although most of the waste to be received at the ERDF is expected to be bulk soils that
can be easily compacted and stabilized, some of the waste will be metal and construction debris
that may result in voids that could cause settlement of the waste and surface barrier. Therefore,
void space will be filled with grout and a portable grout batch plant will be included at the
ERDF. The_groutplant-willmix cement, fly ach, aggregate, water, and pozzolans (as- -- --- --
necessary). The batch plant will be placed over a buried leak-collection liner to prevent water
relea¢es to the subsurface.

The ERDF will use a combination of telephone communications, radio communications,
computer and alarm systems to provide immediate emergency instruction to facility personnel.
The external communications will be provided through a telephone system to be installed in the
operations buildings at the ERDF site.

Emergency equipment will be available for use at the ERDF site and personnel will be
-trained inLhe use ;,f emergency equipment. Faciii'ty buiidings will have fire sprinklers
connected to a raw water supply system. Water for fire control in other areas of the ERDF is
supplied by the main raw water line connected to adequately spaced fire hydrants located near
the operations and decontamination buildings.

At a minimum, all personnel will be required to wear radiation protection coveralls,
cloth shoe coversplus rubber_bootsorshoecoyers,glove.c, and a cloth cap when working in the
ERDF site. In addition v̂arious-types of_respiratory devices-will be available;€-required-and
personnel will be trained in their use.

9.3.', Deep Area-Fill Configuration

The deep area-fill design (described in Section 8.2.3) is used for all the alternatives
except no-action. The assumed cross-sectional dimensions of the trench are shown in
Figure 4-1. In order to accommodate the estimated final waste volume of 21.9 million m' (28.5

--- -------- ---- --- milliott-y^'^-the:reneh-would-need to be approximaieiy 3,00u" m(9,800 ft) long. Assuming
these dimensions, the footprint of such a trench would be 1.26 km2 (315 acres). Because the
final waste volume may be significantly different than anticipated, trench construction will
proceed in stages such that capacity expands to fit the immediate needs of the Hanford Site
restoration program.

As discussed in Section 8.2, the reduced footprint of the deep area-fill design offers the
following advantages in comparison to other configurations:

Less habitat disruption at the ERDF,
Less leachate generation,
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Reduced material needs (thus, reduced ecological and cultural impact on borrow
areas),
Lower costs for the liner and barrier.

The proposed site for the ERDF extends east of the 200 West Area to the state leased
land (the US Ecology area) and south of the proposed 16th Avenue extension (see Figure 1-2).
The area of the ERDF is estimated to be 4.1 square kilometers (1.6 square miles).

Soils removed from the trench excavation will be stockpiled within the ERDF site.
Excavation of the trench is anticipated to be accomplished in the following manner:

• The crew will consist of 50 workers who will operate 33 pieces of equipment
--- (priuaiiiy scrapers, dOZers, graders, ioaderS, and water trucks) ,

• The crew will move 10,000 m' (13,000 yd') per shift,
• A week will include 10 shifts (double shifting),
s „• y

willa^. One cell of 0.7 mu,^on m'- tu.y militon ya i wui be excavated every 7 weeks.

Labor Requirements. Based on the assumptions listed above, trench excavation of all
ZQt 32 cells is expected to require 110,000 worker days. Assuming 50 workers per shift, trench

excavation will result in 100 jobs over a period of 4.5 years.

Zr-

r.inarc

Two liner systems are included in the remedial alternatives, the single composite liner
and the RCRA Subtitle C double composite liner. Features of these two liner systems that are
applicable to multiple alternatives are presented in this section, including implementability, cost,
labor requirements for construction, material usage, traffic loading, modeling assumptions, and
reliability.

Emplementability. Technical implementability is scored qualitatively based on the
number of layers in each liner system. As described in Section 8.6.4, the single liner has six
layers on the bottom and 4 layers on the sideslope for an average of 5. The double liner has 10

° layers on the bottom and 6 iayers on the sidesiope for an average of 8.

. _:,
aa u.. -,, °--- -- -- - -- .aw is.̂. I'.rau^c„ . costs^°Ur the liners were presented in Section 8,6_4. The

areas for the bottom and sideslope portions of the liners were calculated assuming a top trench
width of 420 m(1,400 ft) a bottom trench width of 300 m(980 ft), a top length of 3,000 in
(9,800 ft) and a bottom length of 2,880 m(9,400 ft). The plan area of the sideslope liner was
converted to actual surface area by dividing by the cosine of 18.4 degrees (0.95) to account for
the 3H:1 V sideslopes. Total raw costs for the two types of liners are shown in Table 9-2. The
cost for the single liner ($39 million) is less than half the total cost for the double liner
($88 million).

Labor Requirements. Only labor associated with construction and Hanford Site
material transport is addressed. Labor for production of materials included in the liners is not
addressed in this section. The assumed crew sizes for placement of each type of material are
n-^;^P^ in Table 0--- - - ,. __.-__ -3• Labor requirements for material transport are based on traffic loading
information provided below. The estimated labor associated with each liner, provided in Table
9-3, ranges from 40,000 worker-days for the single liner to 79,000 worker-days for the double
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liner. Assuming that the liner construction will occur over a 5 year (1,250 working days)
period, construction of the liner will result in between 32 and 63 jobs over a five year period.

Material Usage. Thicknesses for each component in the liners are discussed in
Section 8.6.4. The assumptions for the area estimates are provided above in the cost
discussion. Quantities of material used in each liner are summarized in Table 9-4 and are based
on the following assumptions:

The operations layer will consist of general fill
The compacted admix at the base of the liners will consist of 80 percent silty
fine sand and 20 percent bentonite (by volume).

The sand, gravel, and general fill will likely be obtained from native soils excavated for
the ERDF trench. Therefore, they will have no impact on cultural and ecological resources at
borrow sources. If materials excavated for the ERDF are not suitable, these granular materials
will likely be obtained from gravel pits located between the 200 East and 200 West Areas. The
vegetation seed, bentonite, and geotextiles will likely be obtained from off-Hanford Site
suppliers.

Traffic Loads. The only materials included in the liners that must be imported from
off the ERDF site are geosynthetics and bentonite. The remaining materials are derived from
ERDF trench excavation soils. The assumed truckload size is provided for each material and
the daily traffic loads are calculated assuming that the synthetic materials for each layer in each
cell (each cell equals approximately 1/32th of the complete facility) arrive over a period of 5
working days and the bentonite arrives over a period of 20 days. The results are summarized
below.

Traffic Associated with Liner Construction
(Trucks per day)

Daily Quantity Per Truck Single Liner Double Liner

Geotextile Separator 20,000 m2 < 1 < 1

Geotextile Cushion 20,000 mz < 1 1

D-a..^.age Geacor..posite 15,000 m2 < 1 < 1

HDPE Geomembrane 10,000 mz 1 2

Bentonite 10 m' 12.5 37.5

Maximum Total 14 41

The maximum total traffic loads per day range from 14 trucks/day for the single liner to
41 trucks/day for the double liner. These maximums assume that the delivery days for different
materials overlap.

Modeling Assumptions. The contaminant transport simulations presented in Appendix
A assume that no leakage occurs through the liners during oneratinnc (i.e., while leachate is
emo.-A.). The operational time period is assumed to equal 30 years. At the end of the
operational time period, it is assumed that the synthetic membranes have degraded and all
leachate migrates through the underlying admix layer. As discussed in Appendix A, liner
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parameters used in the equations are thickness, bulk density, moisture content, and liner Kd's.
---- -- ---- -- -----Th2-admix-tihickness-of-thCdCubic°. iiner (v.9 ia [3 ft]) is three times greater than the admix

thickness of the single liner (0.3 m[1 ft)). The bulk density of the admix is assumed to equal
1.5 gm/cm', and the moisture content of the admix is assumed to equal 22.5 percent. The liner
Ka's are constituent specific and are assumed to be 5 times greater than the K,'s used for the
vadose zone (see Section 4.1.2.2).

ReHability. Alternatives that include liners offer several advantages over no-liner
alternatives. The primary advantage is that any leachate generated during the operational period
will be retained by the liner and pumped out. This means that constituent release to the vadose
zone is delayed by the length of the operational period. Conceivably, the operational period
could extend for hundreds or thousands of years. However, the effectiveness of the leachate
collection system is limited by the lifetime of the synthetic membranes. Once the synthetic
membranes degrade and develop leaks, the permeability of the liner is controlled by the
permeability of the admix material. Since the infiltration rate is generally less than the design
permeability of the admix material (10' cm/sec), leachate will migrate through the admix layer
and leachate collection will not be possible. This element of reliability is addressed in the risk
estimates for the alternatives.

A secondary advantage of a leachate collection system is that it allows characterization
of the leachate generated in the waste. Knowledge of constituent concentrations in the leachate,
and the Kd's of the leachate constituents, could be used to predict future impacts on groundwater
once the leachate collection is terminated or the liner fails. If these future impacts are
considered unacceptable, then corrective actions (such as excavation and further treatment of the
waste) could be implemented before groundwater is impacted.

The double composite liner offers a redundancy in leachate collection systems not
available in the single composite liner. The potential for flaws in the primary liner is uncertain,
although it is probably low given the high level of construction quality assurance planned for the
ERDR--Furttiertiiore;-the rateaf degradatiorztif a double composite liner will probably be
similar to the degradation rate for the single composite liner. The value of the redundancy in
the double coMposite liner is uncertain.

The advantages discussed above for the lined trench only apply if leachate is generated
during the operational period. In other words, an unlined facility performs just as well as a
lined facility if no infiltration occurs during the first 30 years (i.e., the operational period).
Given the lysimeter results indicating zero infiltration in vegetated soils at the Hanford Site, it
may be that a properly constructed barrier will eliminate ieachate generation and a liner is
superfluous.

Given the advantages of the single and double liners over no liner, alternatives that have
no liner will be given a liner reliability score of low. Given the advantages of the double liner
over the single liner, alternatives that include the single liner will be given a liner reliability
score of inedium-and alternativeaivith the double liner will_he will be oiven a liner reliability
score of high.
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9.3.9 Surface Barriers

Three surface barriers are included in the remedial alternatives, the low-infiltration soil
barrier, the modified Hanford barrier, and the Hanford Barrier. Features of these barriers that
are applicable to multiple alternatives are presented in this section, including implementability,
cost, material usage, impacted areas at the borrow areas, traffic loading, labor requirements for

.. .. . ...
----- a.o•^yitru^.tiilry moueling assumpnons, and reuability.

impiementability. Technical implementability is semi-qualitatively measured based on
the number of layers in each barrier. As described in Section 8.5, the low-infiltration soil
barrier has 3 layers, the modified Hanford barrier has 10 layers, and the Hanford Barrier has 11
layers.

Raw Cost. Unit costs for the barriers were presented in Section 8.5. The areas for the
barriers-aeecaiculated assuming a top trench width of 420 m(1,400 ft) and a length of 3,000 in
(9,800 ft). In addition, the overhang beyond the edge of the trench is assumed to be
30 m(100 ft) for the Hanford Barrier and 15 m(50 ft) for the other two barriers. Total costs
for the three barriers are developed below:

Total Barrier Costs

Low-Infiltration Soil
Barrier

Modified Hanford
Barrier

Hanford Barrier

Unit Cost (per m^ $21 $79 $134

Total Area (m2) 1.36 million 1.36 million 1.47 million

Total Ba_rrier C ost $29 mil.ton- •+ ^ __ _
a,0^ ^miuon $197 million

Note: I m= 3.28 ft -

As shown in this table, the cost for the low-infiltration soil barrier is approximately 27%
of the cost of the modified Hanford barrier and approximately 15% of the Hanford Barrier.
The modified Hanford barrier costs are approximately 55% of the Hanford Barrier costs.

Labor Requirements. Only labor associated with construction and Hanford Site
material transport is addressed in this section. Labor for production of materials included in the
barriers is not addressed. Labor requirements for construction of each barrier are estimated
assuming that all granular materials are placed using crews made up of the following personnel:

• 3 Scraper Operators
• 2 Dozer Operators
• 1 Blade Operator
• 1 Water Truck Operator
• 1 Grade Checker
• 1 Foreman

• 1 Supervisor

• 1 Oiler

• 1 Quality Control Technician.
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for a total of 12 workers per crew. Placement of the asphalt is also assumed to require a crew

of 12 workers. Material transport labor estimates are based on the number of trucks per day
discussed below and a construction duration of 1,000 working days. The estimated labor

associated with each barrier, provided in Table 9-5, ranges from 21,000 worker-days for the

low-infiltration barrier to 84,000 worker-days for the Hanford Barrier. Assuming that the
construction period is 4 years (1,000 working days), multiple crews will be needed and

=constntction of the-barriers will result in between 21 and '84 jobs over a four year period.

Material Usage. Thicknesses for each component in the barriers are discussed in

Section 8.5. The assumptions for the area estimates are provided above in the cost discussion.
Estimated quantities of materials used for each barrier, summarized in Table 9-6, are based on
the following assumptions:

The silt quantities include silt layers and 85 percentof the siltand gravel admix,

,.^

-^,....

The gravel quantities include gravel filter material, drainage gravel, drainage
rock, the asphalt base course, and 15 percent of the silt and gravel admix.

The silt will likely be obtained from the McGee Ranch site. The Hanford Barrier
requires twice as much silt as the modified Hanford barrier and four times as much silt as the
low-infiltration soil barrier. Furthermore, only the Hanford Barrier uses crushed basalt, which
will likely be obtained from a quarry to be developed somewhere on the Hanford Site.

The sand, gravel, and general fill will likely be obtained from native soil excavated for
the ERDF trench. Therefore, they will have no impact on cultural and ecological resources at
borrow sources. If materials excavated for the ERDF are not suitable, these granular materials
will likely be obtained from gravel pits located between the 200 East and 200 West Areas. The
vegetation seed, geotextiles, and asphalt materials will likely be obtained from off-Hanford Site
suppliers.

Impacted Areas at the Borrow Sources. Assuming the silt and basalt usage estimates
provided in Table 9-6, areas impacted at McGee Ranch and at the basalt borrow source can be
estimated. The estimated areas provided below assume that the excavation depths will average 5
m(16 ft) at McGee Ranch and 10 m(33 ft) at the basalt borrow source.

Impacted Areas at the Borrow Sources

Low-Infiltration Soil
Barrier (km2)

Modified Hanford
Barrier (kmx)

Hanford Barrier
(krn^

McGee Ranch 0.14 0.26 0.54

Basalt Borrow Source 0 0 0.22

*:ote: 1 k.^z = 250 acres = 0.4 mi2

Traffic Loads. Materials included in the barriers that must be imported from off the
ERDF site are vegetation (seed), silt, geotextile filter, crushed basalt, asphalt coating, and
asphalt. Volumes of seed and asphalt coating are much less that the other materials and will not
be evaluated in terms of traffic load. The assumed daily quantity of material transported per
truck is provided for each material. The daily traffic loads are calculated assuming that the
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barriers are built over a period of 1,000 working days (approximately 4 years). The results are
summarized below:

Traffic Associated with Barrier Construction
(Trucks per day)

Daily Quantity Per
Truck

Low-Infiltration
Soil Barrier

Modified
Hanford
Barrier

Hanford
Barrier

Silt 150 m' 5 9 18

Geotextile Filter 20,0000 0 0 < 1

Crushed Basalt 150 m' 0 0 15

Asphalt -.. .. ---- ---1wNV iii' - -- V 2 2

Total 5 11 35

Pate and Transport Parameters. The only barrier-specific parameter used in the
simulations presented in Appendix A is the infiltration rate. Based on the HELP modeling
results presented in Appendix B, the infiltration rates through the three barriers are similar for
current climatic conditions and are very close to zero. Results are also presented in Appendix B
for a hypothetical wetter climate that uses Spokane climatic data. Infiltration increases for all
three barriers under these wetter conditions. Under wet conditions, the infiltration rate for the
low permeability soil barrier is approximately 15 times greater than for the modified Hanford
and Hanford Barriers (which are virtually identical). The infiltration rates assumed for the
simulations in Appendix A are summarized below:

Barrier Infiltration Rates (cm/yr)

Low-Infiltration Soil
Barrier

Modified Hanford
Barrier

Hanford Barrier

Current Climate 0.01 0.01 0.01

Wet Climate 5 0.4 0.4

Notes: I cm = 0.39 in.

Since the waste may be coarse-grained material and will not be vegetated, operational
infiltration may be significantly higher than infiltration after placement of the barrier. The
analysis in Appendix B suggests that infiltration before the waste is covered could be up to
3 cm/yr (1.2 in./yr). Therefore, the fate and transport simulations in Appendix A assumed that
the initial infiltration rate would be 3 cm/yr for the first 5 years. If the trench is lined, then it
is assumed that all of this excess infiltration (in addition to the long-term infiltration that occurs
during the operational period) is intercepted by the leachate collection system and pumped out.

Reliability. Assuming that the barriers maintain their design capabilities, all three
barriers appear to perform similarly under current climatic conditions. Based on HELP
analyses, however, the modified Hanford barrier and the Hanford Barrier would provide greater
infiltration protection than the low-infiltration soil barrier in a wetter climate. Therefore, the
low-infiltration soil barrier should be considered less reliable over the long term with respect to
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CA

^;z

groundwater protection. This element of reliability is addressed in the predicted risks for the
alternatives assuming a wet climate.

Reliability in terms ef-protection against intrusion and-erosion would-be i^,po-tant if
institutional controls were no longer in place. Qualitative evaluations are provided below for all
three barriers in terms of protection against erosion, plant intrusion, animal and insect intrusion,
and human intrusion.

All of the barriers include gravel in the upper soil layer. The gravel-size fraction is
sufficient to help to minimize erosion due to surface water and wind processes but not so great
as to promote increased infiltration. The gravel admix layer is approximately 0.5 m(1.6 ft)
thick in the low-infiltration soil and modified Hanford barriers, and 1.0 m(3.3 ft) thick in the
Hanford Barrier. In addition, the presence of the basalt rip-rap layer in the Hanford Barrier
provides additional erosion resistance should the upper layers be completely eroded away.

To discourage penetration by deep-rooted plants, the Hanford Barrier employs a large
overall thickness of 4.5 m(15 ft), a series of layers in the second functional group that provide

-a hOstlle envlrnrt_ment for p1antS (little-to-no moisture, no nutrients, large grain size), and a
densely compacted asphalt layer. Although the modified Hanford Barrier employs a thin layer
ofcoa_rse-grained-materials, tltese-layers arenot-expeeted-tobe as effa;tive as the basalt layer in
preventing root penetration. As a result, plant roots may extend deeper into the barrier,
although the asphalt layer should prevent penetration into the waste. The low-infiltration soil
barrier employs thickness alone, without a zone that is hostile to plant roots and without a dense
asphalt layer. Therefore, the Hanford Barrier appears to provide the best resistance to root
penetration, followed by the modified Hanford barrier, with the low-infiltration soil barrier

- - -
providing the least resistance to root penetration.

Burrowing animals, including large and small mammals, and insects, have the potential
to disturb barrier layers and penetrate into buried wastes. Studies at the Hanford Site indicate
that animal burrows do not significantly increase the net deep percolation of precipitation into
barriez soils(Wing-I993): Mammals appear to have little need to burrow below depths of 1 in
(3.3 ft) on the Hanford Site (Wing-199-3) --Thelefore,_each-Qf thebarriersshould be effective at
preventing disturbance of the waste by mammals. As with root penetration resistance, the basalt
rip-rap layer and the asphalt layer in the Hanford barrier appear to offer the most resistance to
intrusion from burrowing mammals and insects. The modified Hanford barrier is slightly more
effective than the low-infiltration soil barrier at preventing intrusion, due to the presence of the
asphalt layer.

Resistance to human intrusion is considered to be primarily a function of barrier
thickness. None of the barriers will resist drilling or deep excavation, although warning
markers should alert humans to the dangers associated with such activities. The basalt rip-rap
layer of the Hanford barrier may be more obvious and difficult to penetrate, but will not
withstand concerted excavation efforts. Surficial disturbances such as agricultural tilling or
residential foundations will probably not penetrate any of the 4.5 m(15 ft) thick barriers. On
this basis, the barriers are considered to be equal with respect to resisting human intrusion.

In summary, the Hanford Barrier offers the greatest protection against erosion and
intrusion in the absence of institutional controls. The modified Hanford barrier is considered to
b--more-effective-tttan thelow^nfiltrationsoilbarrier in-this-regard. Altern^ives will be scored
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high for long-term reliability if they include the Hanford Barrier, medium if they include the
modified Hanford barrier, and low if they include the low-infiltration soil barrier.

9.3.10 Ecological Impacts

Ecological impacts will occur at the ERDF site, along the new rail spur, and at any
borrow sites for materials in the liner and cover. These impacts will include destruction of
habitat, displacement of wildlife at these areas, and disturbance of wildlife near these areas and
along transport routes due to noise and human activities. As discussed in Section 2.8, the
shrub-steppe habitat at the ERDF site is considered priority habitat by the State of Washington.
The DOE recognizes that contiguous blocks of mature shrub-steppe habitat are important for
many plant and animal species, and this habitat is rapidly shrinking elsewhere in Eastern
Washington. Habitat value will be assessed before start of construction and losses will be
mitigated based on the ecological value of the habitat disturbed. However, rather than
implementing mitigation measures on a project-by-project basis, DOE is developing a Hanford
Site-wide mitigation plan in cooperation with the State of Washington Department of Fish and
Wildlife and the U.S. Fish and Wildlife Service. Negotiations with these agencies are in
progress.

The impacted area at the ERDF site is estimated to be 2.6 km2 (650 acres or 1.0 miZ)
(U.S. Army Corps of Engineers 1994). Ecological impacts at the ERDF will be mitigated to
the extent possible by using the deep area-fill trench configuration.

; colagical i,,paets will occur during construction of the rail spur. As shown in
Figure 9-1, the rail spur passes through a variety of habitats containing sagebrush, Sandburg's
bluegrass, cheatgrass, and Russian thistle. Assuming a length of 8 km (outside the ERDF), and
an impacted width of 50 m(160 ft), the area impacted by the new rail spur will be
approximately 0.4 km2.

Ecological impacts associated with development of the borrow sites will depend on the
type of barrier included in the alternative. Estimated quantities of silt from McGee Ranch and
basalt included in each barrier are provided in Section 9.3.9. The areas impacted are calculated
assumir,g-tltat theexcavation depth will average 5,;, (16 ft) at McGee Ranch and 10 m (33 ft) at

------ ----------- ------- thc haiait hGrrGw SGurCc.

9.3.11 Impacts on Air Quality

As discussed in Section 2.2.6, air quality at the Hanford Site is generally good.
Construction and operation of the ERDF will result in dust generation and engine fumes
(associated with vehicle-andequipn--•ieu, operaqton)-. Tirese-irttpacts are-discussed below.

As discussed in Section 9.3.5, ERDF construction and operation will result in a
maximum of 310 vehicles per day on Hanford roads. Operation and construction of the ERDF
is expected to result in an additional 50-100 vehicles per day within the ERDF. Air quality
impacts associated with these vehicles are considered negligible. Dust generation will be
monitored and kept below allowable limits using dust controls discussed in Section 9.3.2.
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9.3.12 Impacts on Historical and Cultural Resources

Significant historical or cultural resources have not been identified at the ERDF site or

the proposed route of the new rail spur. Historic and prehistoric resources have been identified

at McGee Ranch which could be disturbed or destroyed if the site was developed. Mitigation
plans are currently being prepared. Development of a basalt borrow source may result in the
degradation of basalt outcroppings that have cultural significance to Native Americans. This
issue will be resolved with the Native Americans before development of the borrow source
begins.

9.3.13 Socioeconomic Impacts

Construction of the ERDF will provide jobs and an influx of federal funds to the Tri-
city area. Although construction of the ERDF will be conducted in phases and the level of
employment will fluctuate, it is estimated that construction will employ an average of 45
workers on the Hanford Site. Operation of the ERDF is expected to provide 167 full-time
positions. It is expected that construction and operations would be spread over a period of
approximately 30 years. The total number of jobs associated with the ERDF, approximately
210, is a small percentage of the total employment at the Hanford Site.

As discussed in Section 9.4, the estimated total capital costs for the ERDF range from
- „-- -- .,^ •...

a24o milnonro aoo^ muuon for the different aiternatives. Assuming that the costs are spread---- -- -
over 30 years, plus an annual operating budget of $20 million, the total annual costs for the
ERDF are estimated to range from $28 million to $42 million. This is approximately 2% of
Hanford's current annual budget of approximately $1,600 million.

Given the relatively small percentage of employment and funding associated with the
ERDF compared with the Hanford Site as a whole, socioeconomic impacts due to the ERDF are
considered negligible.

9.3.14 Impacts on Visual Resources and Noise

The ERDF is a low-lying facility that will result in minimal visual impact from ground
level. Although construction and operation of the ERDF will detract from the natural beauty of
the sagebrush ecology from elevated locations (such as the top of Rattlesnake Mountain), the
barrier will be revegetated and natural vegetation will eventually return to impacted areas. The
long-term impacts on visual resources at the Hanford Site are considered negligible.

Noise will be generated due to operation of equipment at the ERDF, the borrow
sources, and during transport of waste and construction materials to the ERDF. If OSHA noise
standards are exceeded, appropriate measures to protect workers will be employed. The ERDF,
the borrow sources, and the transportation routes on the Hanford Site are not located near any
residential communities. Consequently, noise impacts on humans are considered negligible.
Wildlife will be impacted by noise near the ERDF, borrow sources, and transport routes.
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9.3.15 Common Cost Factors

Estimated costs for construction of ERDF facilities, permitting, trench excavation,
liners, and barriers are provided in Table 9-7. The cost multipliers, which include overhead,
profit, contingency and management, result in final costs that are approximately 90 percent
higher than raw construction cost. The multipliers are added to raw construction costs to obtain
the total cost for each item. The total cost for each alternative will include the costs for the

- - ---- ---- - -- - --- ^-ir3er, the $ar€t' ef,e-..cavatton. t+ermrtHno; and rtie ss^pp>>rting facilities. Costs for supporting--- ---- --- -------- ' .,---
facilities, permitting, and excavation (which will be the same for all the alternatives) are $75
million, $22 million, and $109 million, respectively. Liner costs range from zero for the no-
liner alternatives to $167 million for the RCRA double composite liner. Costs for the leachate

- --- collection system are $i i -iillion and are only included in alternatives with liners. Barrier costs
range from $53 million for the low-infiltration soil barrier to $373 million for the Hanford
Barrier. Since the barrier will be built after the trench is excavated and lined, a present worth
adjustment is applied to the barrier costs. The present worth adjustment assumes that barrier
costs will be incurred an average of 20 years after the rest of the cost are incurred and that the
discount rate is 6 percent.

Operational costs are estimated to range from $15 million to $25 million per year over
25 years. The total operational cost is estimated to range from $375 million to $625 million

with a present worth of $192 million to $320 million.

9.3.16 Short-Term Worker and Public Risk

Short-term risks associated with construction and operation of the ERDF are evaluated
below for the ERDF workers, non-ERDF workers on the Hanford Site, and the public.

ERDF Worker Risk. This evaluation of ERDF worker risk during operation of the
ERDF relies upon the methods and conclusions provided in the Source Inventory Development
Engineering Study for the Environmental Restoration Disposal Facility (U.S. Army Corps of
Enginxrs-1943b}, also k own as the Souree Invento y Repott{SIR}. iuc SIR develops
contaminant-specific soil concentrations associated with occupational regulatory limits. The
exposure pathways evaluated are inhalation of fugitive dust, inhalation of volatile organics, and
external exposure to radiation. Therefore, the regulatory limits of interest are those related to
occupational air exposure and external radiationdose (see Chapter 5 of the SIR for a listing of
the occupational criteria considered). Limits for ingestion, dermal absorption and skin and/or
eye contact were not determined because they are not probable exposure pathways. Personnel
normally occupying the ERDF trench will include heavy equipment operators and truck drivers.
These personnel will normally be inside an enclosed cab with filtered air, so there will not be
direct contact with constituents under normal operating conditions.

In order to relate occupational air concentration criteria to soil concentrations, the SIR
assumes a dust concentration (in air) of 10 mg/m'. Using this factor, the SIR provides
constituent soil concentrations associated with occupational limits for exposure to contaminants
in air. Soil concentrations of volatile contaminants are also calculated by using contaminant-
specific volatilization factors. These "occupational soil concentration limits" are provided in

__Tna}i"_ o n .
^, ^, ^, a-, .

and
.iu of iheSJ iR for inorganic constituents, organic compounds, and

radionuclides, respectively. In addition, radionuclide soil concentration limits based on external
exposure are provided in Appendix J of the SIR.
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Themaximumdetected-soil concentration-ofeach contaminant (presented-ir-Tables-3-8,
3-9, and 3-10 of this report) are compared to its respective occupational soil concentration
limit(s) (found in Tables 4, 5, and 6 of the SIR) to determine which contaminants pose potential
health hazards to the working population. The results are discussed below:

• For the inorganic contaminants, most maximum detected concentrations are less
than the occupational soil concentration limits by more than an order of
magnitude. Only copper and iron are roughly equal to or exceed the soil
criteria (95,300 mg/kg vs. 100,000 mg/kg, and 184,000 mg/kg vs. 100,000
mg/kg, respectively).

• All of the organic compound soil concentrations are less than the occupational
limits, most by at least three orders of magnitude.

_ • For the inhalation pathway, plutonium-239/240 (2,800 pCi/g) and uranium-238
(9,143 pCi/g) are present at concentrations that exceed occupational soil
concentration limits (500 pCi/g and 3,000 pCi/g, respectively). In addition,
pluton:.:.:.238 and uranium-234 have maximum detected soil concentrations that
are slightly below their occupational soil concentration limits. It is important to

r~^ note that the maximum plutonium concentrations are associated with a process
effluent pipeline, such that these concentrations are not representative of a large
volume of a material, and may be in a form that is not readily suspended as
dust.

For the exteiTai exposure pathway, maximum detected radionuclide concentrations
(presented in Table 3-8 of this report) are compared to criteria based on 5 rem/yr (Appendix J
of SIR). This comparison indicates that cesium-137 (110,000 pCi/g vs. 10,000 pCi/g),
cobalt-60 (11,000 pCi/g vs. 2,000 pCi/g), europium-152 (29,000 pCi/g vs. 5,000 pCi/g), and
europium-154 (9,200 pCi/g vs. 5,000 pCi/g) all exceed their respective criteria.

It_is_importantto note theconservative biases inherent in this analysis. The occupational
-----air concentratiotiriimits and radiation dose criteria used in this evaluation assume continuous

exposure during a working year. The maximum detected soil concentrations assumed in this
analysis are not representative of average contaminant concentrations that would be deposited in
the ERDF (see Section 6.1.4 for a more thorough discussion). The period of exposure to the
maximum detected concentrations would be small because these concentrations are expected to
represent only small volumes of waste. Furthermore, this analysis does not account for
institutional controls, field monitoring during ERDF operation, and use of personal protective
equipment, each of which will reduce exposure to contaminants.

An additional conservative bias is that the assumed dust concentration of 10 mg/m' is
probably not representative of actual exposure conditions. To put this in perspective, the SIR
indicates that the maximum dust concentration observed in the Tri-City area during a dust storm
is approximately 1.7 mg/m'. Travis et at. (in press) use a resuspension factor of 0.5 mg/m' for
eart.h_ntovi.^.g activities. This factor assumes that 10% of the resuspended dust particles are of
^v. ,.^ . ..,......o,.,.oa f.. .. . ._..._.,., that da__ ^cI3._.... -

i
,.^v.coacu vr -aucaacc w2ct117B:--T... u o °.._`°°° o _h' erefore, tt is

-
reasonable to assume that the dust concentration used in this analysis ( 10 mg/m') is potentially
an -order-0f-magnitude too high. V;vell the conservative bias of the assumptions, this analysis
should be considered a screening of potential hazards associated with worker exposure to

nrum:n^..r^
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The analysis presented above only considered exposure to soil contaminants. Bulk
materials present in burial grounds (containing waste from reactor operations) present an
additional potential external exposure hazard. Historical field measurements indicate that dose
rates as high as i to 5 rem/hr were common for the 105-B burial ground. However, such data

- -
.

(many ' ' •-- - do t renHate between short-l i ved radionuclidesu^umanof which wiii have aeca ed toy
negligible levels) and those that may still be a concern. Chapter 6 of the SIR provides an
evaluation of burial grounds based on historical field data. With respect to ERDF operations,
such materials will require characterization during remediation to determine appropriate
handling practices.

This analysis indicatesthatthere arearea number of contaminant.c of nntenrial concern to
workers during ERDF operation. These contaminants are alpha-emitting radionuclides (a
concern via inhalation) and high-energy gamma emitters (a concern via external exposure).

It is noted that it is not acceptable to expose workers to contaminants at the occupational
soil concentration limits without justification. A number of contaminants are known or probable
human carcinogens, and it is generally assumed that there is no safe dose which will not elicit a
carcinogenic response. Although it is likely that occupational exposure criteria will not be
exceeded, the as low as reasonably achievable (ALARA) principle should be practiced.

-.^
Physical Hazards to EI3DF Workers. Construction and operation of the ERDF will

expose workers to physical hazards that can result in accidental injury to workers. The risk
associated with these physical hazards can be quantified by multiplying the labor requirements
by the injury rate to estimate the expected number of accidents. Injury rates can vary
considerably for different activities and a detailed analysis of physical risk would account for
these variations. For purposes of this document, however, a more general approach that treats
all labor as general construction activity will be utilized.

The number of person days for trench excavation, liner construction, and barrier
construction are provided in Sections 9.3.7, 9.3.8, and 9.3.9. Although operation of the ERDF
is not truly a construction activity, many of the associated activities are similar to construction.
The total number of employees for operation of the ERDF is estimated to be 167.
Approximately 40 of these jobs are administrative or supervisory in nature and would entail
relatively little physical risk. Assuming 230 work days in a year, the total number of worker
days associated with operation of the ERDF is 29,000 days per year. Assuming the facility
operates for 25 years, the total number of worker days is 725,000.

Based on statistics from the U.S. Department of Labor (1992), construction workers
have afatality rateof 6x10-?per_personllayanda hst-ri:*:P ;rjury rats of 2x10' per person day.
Since fatalities are of most concern, only the fatality rate is used in the evaluations. The
expected number of fatalities for each construction activity and ERDF operation are summarized
below.
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Expected Number of Worker Fatalities Due to Physical Hazards

Activity --Wprkarilayc - ^6%'peCl2d otaliti^

Trench Excavation 110,000 0.066

Single Liner 40,000 0.024

Double Liner 79,000 0.047

Low-Infiltration Soil Barrier 21,000 0.013

^.4o Hanford Ba.:ier - 27,000 0.016

Hanford Barrier 84,000 0.050

ERDF Operation 725,000 0.44

Rislts to NoREP.DF-Hanforvl-Workers-and the-Pubiic The facility hazard
classification (Cain 1994) provides qualitative evaluations of potential radiological impacts of
ERDF operations and accident conditions to non-ERDF Hanford Site workers and the public.
The impacts were evaluated for three scenarios: normal operations, abnormal occurrence of
continuous strong winds (113 km/ltr [70 mph]) for 24 hours, and a container breach. In all
cases, risks were characterized as low. Impacts from hazardous (non-radioactive) contaminants
were not evaluated.

9.3.17 Irreversible and Irretrievable Commitment of Resources

The ERDF will require an irreversible and irretrievable commitment of the following
resources:

• liner material

• borrow material

• natural resources

• building and facility construction materials

• energy

The liner and borrow materials required are discussed in Sections 9.3.8 and 9.3.9,
respectively. The natural resources affected are described in Section 9.3.10. The buildings and
support facilities will require standard construction materials that are readily available, and
constitute a resource commitment that is relatively minor compared to the materials required for
construction of the ERDF trench. The primary energy usage will be for operation of
equipment.
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9.3.18 Indirect and Cumulative Effects

Indirect effects associated with construction and operation of the ERDF include
influencing remedial decisions across the Hanford Site. The existence of a Hanford Site-wide
waste management facility for remedial wastes will minimize implementability difficulties
associated with alternatives that include excavation of the waste. Without a centralized waste
management facility to receive the treated or untreated waste, remedies that include excavation
would score lower in terms of implementability. This is because of the potential difficulties
associated with permitting and constructing such a facility. As a result, in-situ remedies (e.g.,
in-situ treatment and in-situ containment) would score higher and would have a higher likelihood
of being the preferred remedy. In-situ remedies for operable units in the 100 and 300 Areas
would result in more waste being left near the Columbia River.

Cumulative impacts will be associated with other actions on the Hanford Site. Actions
that will have similar impacts as the ERDF include primarily construction and remediation
activities. These activities will potentially involve destruction of habitat, disturbance of wildlife,
utilization of borrow materials, increased traffic, job creation, and releases of waste constituents

F p.y to air and water.
Cra

Current or planned Hanford Site activities not addressed in this analysis that may
increase cumulative effects include the following:

^.^,.

---- ^ C,^.nst.^uCtton of ii°w dauble-shelled tanks in the 200 Area;

• Terminal cleanout of chemical processing facilities (such as PUREX, PFP,
U03) in the 200 Area and decontamination and decommissioning of these and
other retired Hanford Site surface facilities;

• Potential construction of a waste vitrification facility in the 200 Area;

• Operation of the US Ecology commercial low-level landfill located just east of
the ERDF location;

• Operation of the low-level burial grounds in the 200 Area and the Non-
Radioactive Dangerous Waste Landfill located approximately 8 km (5 mi)
southeast of the ERDF;

• Environmental restoration activities in the 100, 200, and 300 Areas; these
activities may involve soil excavation and disposal activities, groundwater
extraction, treatment, and disposal, construction and operation of treatment
facilities, and construction of containment structures such as slurry walls and
barriers;

• Operation of the 200 Area Effluent Treatment Facility Disposal Site.
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9.3.19 Mitigation of Impacts from the ERDF

Impacts on resources due to construction and operation of the ERDF will be mitigated to
the extent possible. Mitigation considerations that have been incorporated into the facility
design include the following:

• Use of the deep area-fill trench configuration (described in Section 9.3.7) to
minimize the amount of land disturbed at the ERDF and the quantity of liner
.._u.+ wwuu^-'s,---__.v.-ci- _wa-.-- ------- - au

• Rerouting of the rail spur to avoid impacts on undisturbed portions of potentially
historic White Bluffs road;

• Limiting consideration of barriers to those that are specifically designed to
minimize infiltration through the waste and therefore minimize groundwater
impacts and are at least 15 feet thick to eliminate the inadvertent intrusion
pathway associated with foundation excavation;

• Implemer.tation of institutional controls (described in Section 9.3.1) to minimize-----
hazards to workers and the public during construction, operation, and post-
closure;

• ?mplemeniwtion of dust controls (described in Section 9.3.2) to minimize
airborne releases during waste transport and placement;

• Implementation of surface water management (described in Section 9.3.3)
controls to minimize the potential for releases due to surface water transport;

• Grouting void space in the waste (described in Section 9.3.6) to minimize the
potential for settlement that might reduce the effectiveness of the barrier;

• As described in Section 9.3.6, emergency equipment will be available on site
znd ttte-wnrkers will-recetve emergency-response-t:aintng to minimize thc
impacts of any accidents;

Any clearing of the site in preparation for construction will not be conducted
during nesting season to ensure that wildlife is not destroyed, but only displaced.

In addition, habitat value will be assessed before the start of construction and losses will
be mitigated based on the value of the disturbed habitat. DOE is currently developing a
Hanford Site-wide mitigation plan in cooperation with the State of Washington Department of
Fish and Wildlife and the U.S. Fish and Wildlife Service.

9.3.20 Corrective Action Management Unit (CAMU) Evaluation

The ERDF is proposed to accept both CERCLA and RCRA remediation waste as part of
the overall remediation strategy at Hanford. As such, evaluation of ERDF suitability is
following both RCRA and CERCLA decision processes. Evaluation of the ERDF could have
occurred solely as part of the operable units' RODs or permit modifications. However, this
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separate evaluation of ERDF provides several advantages: it allows a more thorough evaluation
of the entire proposed facility (as opposed to merely the portion that may be required for any
single operable unit), and it expedites remediation by allowing design and construction of the
ERDF prior to final RODs/permit modifications for the operable units, thereby allowing
movementofsvaste-t4 occur qickly nn P^ the ra.,t^+iation strategy for the operable units is----- --- -_.. ,,,.
finalized. A separate evaluation of the suitability of ERDF for receipt of specific operable unit
waste streams will be included in the remedy selection process for each operable unit. Each
individual operable unit's ROD/permit modification will specify how waste from that operable
unit may be managed and will reference, as appropriate, placement of waste in the ERDF.

The ERDF is being proposed as a Corrective Action Management Unit (CAMU). The
CAMU rule provides an option for on-site management of remediation waste previously not
available to facilities remediating materials subject to RCRA. The CAMU regulations were
promulgated to promote active remediation of contaminated sites, as opposed to merely capping

in place, by allowing more flexibility in management of remediation waste, without
compromising human health or the environment.

In the preamble to the CAMU rule, EPA stated its expectation that the substantive
CAMU rule requirements will be applicable or relevant and appropriate requirements (ARARs)

: for the remediation of many CERCLA sites, especially those sites where CERCLA remediation

involves the management of RCRA hazardous wastes. EPA determined that, in the CERCLA
context, CAMU requirements that are designated to be ARARs would be incorporated into
CERCLA decision documents, rather than RCRA permits or orders. This would allow

--- -- --remediation under CERCLic of RCRA hazazdous waste at Federal facilities that are listed on the

National Priorities List. For this reason, the seven decision criteria required under the CAMU
regulations are evaluated below.

CAMU Criterion No. 1 : The CAMU shall facilitate the implementation of reliable,
effective, protective, and cost-effective remedies:

As demonstrated by the risk assessment in Appendix A, operation of the ERDF as a
CAMU for placement of waste that meets the risk-based ERDF leachate criteria will be
protective of human health and the environment for at least 10,000 years. Alternatives
considered are both effective and reliable.

Current conditions consist of waste sites immediately adjacent to the Columbia River
without significant engineered controls over infiltration or migration of constituents. Among the
range of remedial options for these sites available in the absence of a CAMU are capping the
waste in place; consolidation of wastes within the areas of contamination along the river; in-situ
stabilization or treatment; and excavation, full LDR characterization, and best demonstrated
available technology (BDAT) treatment of the waste prior to disposal.

The ERDF site is located in an area remote from the Columbia River and the public
with a thick (approximately 80 m[260 ft]) unsaturated zone. For these reasons, consolidation
of remediation waste at the ERDF Site will be more reliable, effective, and protective than
either current conditions, capping the waste in place or in-situ treatment at the multitude of
small sites along the river, or consolidation of the untreated waste within the riverside areas of
cnnta_M inatinn.
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Based on the demonstration of protectiveness in the risk assessment, waste

characterization sufficient to demonstrate achievement of the ERDF waste acceptance criteria
standards can be performed consistent with the observational approach and need not meet the
restrictive standards that might apply wereLDRs fullx applicable tn-Shewate. Without a

CAMU designation, waste excavated in remediation of the 100 and 300 Areas may require full
LDR waste code characterization and BDAT treatment, without providing any significant benefit
in risk reduction, at a cost estimated to be approximately five to ten billion dollars. Expenditure
of an additional five to ten billion dollars without significant risk reduction is not cost-effective.

Operation of the ERDF as a CAMU therefore will be: protective, effective, and reliable
when measured independently against risk standards; significantly more protective, effective,
and reliable than remedial options that would leave untreated waste near the river; and equally
as proteotive but significantly less costly than other excavation and disposal waste management
options.

ERDF will be protective of human health and the environment and a reliable, effective,
protective, and cost-effective remedy because it will:

• Isolate hazardous/dangerous waste and radioactive waste and constituents to a
single, manageabie_facility in a remote, arid, hydrogeologically protected area;

• Remove hazardous/dangerous materials from current locations close to the
Columbia River and to sensitive environmental receptors;

• Contain hazardous/dangerous and radioactive material within a unit designed to
offer bothlong-term and short-term protection of the envirorWent;

• Accept only those remediation wastes in a concentration or form that will not
allow the contaminants to migrate to groundwater at a concentration in excess of
h^lth-based ^wndards at the point of assessment;

• Be much more cost-effective than other active remediation alternatives.

CAMU Criterion No. 2 : Waste management activities associated with the CAMUs
shall not create unacceptable risks to humans or to the environment resulting from
exposure to hazardous wastes or hazardous constituents:

The risk assessment in Appendix A demonstrates that operation of ERDF as a CAMU
will not pose long-term risks to human health or the environment from exposure to hazardous or
radioactive wastes or constituents. Furthermore, the evaluation of short-term effectiveness
demonstrates that there will be no significant risk to workers or the public due to waste releases
during operation of the ERDF.

Although risk due to waste releases during operations will be below acceptable levels,
placement of interim cover materials on a daily basis and use of dust suppression technology at
the ERDF will mitigate potential airborne contaminant transport to the extent possible. In
addition, use of equipment such as dust filters will further protect worker health by decreasing
potential for inhalation of dust particles.
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Significant operational constraints and controls shall be in place to minimize both the
risk of occurrence of air emissions, and the potential impact if any emissions were to occur.
The operations plan will assure waste management activities are properly conducted within the
-ER-DFs--the site specifao-emergeneyand training plat. will establish proceaures to prevent
hazards; personnel will be appropriately trained and emergency situations handled appropriately,
or avoided altogether.

In summary, the ERDF will not create unacceptable risks to human health or the
environment because it: provides long-term protection from unacceptable risks by deterring
intrusion and preventing contaminant migration in excess of health-based risk levels; mitigates
short-term exposure to contaminants from air transport by use of interim cover, dust
suppression, and HEPA filters; and ensures that ERDF personnel are appropriately trained and
procedures are in place to avoid, reduce, and mitigate potential hazards.

CAMU Criterion No. 3 : The CAMU shall include uncontaminated areas of the
facility, only if including such areas for the purpose of managing remediation waste
is more protective than management of such waste at contaminated areas of the
facility:

Because the contaminants of concern in the 100 and 300 Area waste consist of long-
lived radionuclides and metals, the main factor that will provide long-term protection to human
health and the environment is isolation of the waste from the public, the river and groundwater.
Such isolation cannot physically be accomplished within the riverside areas of contamination to
the degree possible at the ERDF site.

Consolzdation of waste-wlth.n onc laciiity rather thitil dlsperSing it among several
locations on the 200 Area plateau will be more protective both in the short term and in the long
term. Use of a single ERDF site rather than multiple sites allows for better performance
monitoring, is less costly, and offers less opportunity for hazards to arise because there is only
one site at which such situations could arise. Prevention of degradation of the cover or
inadvertent intrusion would be easier in the long term for a single ERDF site than for multiple
dispersed waste locations.

Although the proposed ERDF site does not contain surface soil contamination,
preexisting groundwatei coniamination is present below the ERDF site. The source of this
contamination is upgradient of the ERDF. The ERDF site, therefore, is not a pristine location.

Because of the nature of the radioactive contaminants found in the surface-contaminated
areas of the Hanford Site, construction of the ERDF in an area of surface contamination would
pose greater risk to workers, the public, and the environment than construction at the proposed
location. Construction of the ERDF in an area of surface contamination could expose the
construction workers to radiation, and would involve a higher short-term risk to the public and
the environment because radioactive contaminants could become air borne during facility
construction. The proposed ERDF location is completely within the boundaries of the exclusive
waste management area selected by the Hanford Future Site Uses Working Group for
consolidation of long-term waste management activities. In evaluating the possible locations for
ERDF, significant weight was given to the public input represented by the Future Site Uses
Group Report.
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Criterion No. 3 is met because the ERDF site will provide a more protective location
than management of the wastes within the riverside areas of contamination or at locations on the
200 Area plateau with surface contaminated areas.

CAMU Criterion No. 4 : Areas within the CAMU, where wastes remain in place
after closure of the CAMU, shall be managed and contained so as to minimize

Suture releases , to the w tent p.o:.taible:- - -

As described previously, the ERDF is planned to provide protective waste containment.
The ERDF will be capped with a protective barrier designed to prevent infiltration, deter
intrusion, and minimize releases to the extent practicable. The final barrier will minimize
releases of contaminants by controlling dust and limiting infiltration.

The post-closure plan includes inspections and maintenance to ensure that the final
barrier integrity is maintained. Groundwater monitoring will be conducted to detect any
releases duringthe operational_and-post-closureperiods.-Instit,!tdonal controls will prevent
intrusion and unintentional releases during the post-closure period. Consolidation of waste into
a single ERDF unit will facilitate long-term monitoring and maintenance and minimize the risk
of inadvertent intrusion and release of contaminants.

The ERDF will therefore meet the requirement to minimize releases to the extent
^., practicable, by means_ofits singleunitdesign,protectivEha-rrier, groundwater protectiveness (as

demonstrated in the RI/FS risk assessment) and release prevention procedures.

CAMU Criterion No. 5 : The CAMU shall expedite the timing of remedial activity
implementation, when appropriate and practicable:

As described previously, placement of waste in the ERDF that meets the ERDF leachate
criteria will be protective of human health and the environment for 10,000 years. Performance
of this evaluation and authorization of the ERDF as a CAMU will allow remediation to proceed
quickly for those operable units that select ERDF as part of their preferred remedial option.

Consolidation of waste into the single ERDF CAMU requires only one analysis to
determine whether the site and design will be protective of human health and the environment.
If multiple sites or designs were to be used, multiple analyses would be required to demonstrate
protectiveness, which would require significantly more time and resources to complete.

Operation of ERDF as a CAMU will allow for flexibility in the time consuming and
expensive processes of full LDR characterization and BDAT treatment, while still providing full
protectiveness of human health and the environment. The protectiveness sought to be achieved
by LDRs can be attained by operating the ERDF in compliance with the ERDF waste
arrent.nrc criteria, and operations need not conform to the unnecessarily restrictive LDRr.,.......
requirements. Because operation of the ERDF as a CAMU using the ERDF leachate criteria
provides a high level of protectiveness, characterization can be allowed to proceed consistent
with the expedited timing that can be achieved under the observational approach.
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CAMU Decision Criteria No. 6 : The CAMU shall enable the use, when
appropriate, of treatment technologies (including innovative technologies) to
enhance the long-term effectiveness of remedial actions by reducing the toxicity,
mobility, or volume of wastes that will remain in place after closure of the CAMU:

Acceptable soil and leachate concentrations to protect human health and the environment
are developed in Appendix C. The acceptable soil concentrations are intended to address the
risk associated with intrusion into the ERDF wastes and the acceptable leachate concentrations
are intended to address impacts on groundwater.

In order to address the potential for intrusion into the waste, acceptable soil
concentrations were determined based on the 500-year drilling scenario. Based on this
evaluation, approximately 40 constituents are determined to have the potential for causing
exposures resulting from intrusion greater than risk-based standards (although only copper has
been detected at concentrations that exceed its acceptable soil concentration). These constituents
are primarily metals or radionuclides and no treatment is available for reducing the toxicity of
these constituents (except reduction of chromium VI to chromium III). Furthermore, treatment
to reduce the mobility of the constituents will not reduce the risk associated with the intrusion
scenario and treatment to reduce the volume of the wastes will increase contaminant

c?ncet?trei+_ot^ a.id'u`nts iisk. i7terefore; treatment of waste will not enhance long-term
effectiveness in terms of the intrusion scenario.

j?}...

As demonstrated in Appendix C, 10 chemicals have the potential to migrate into
groundwater in excess of the health standards within 10,000 years. Of these ten contaminants,
only three are subject to LDR treatment standards. The ERDF acceptable leachate
concentrations establish standards for these three contaminants that are more stringent than the
applicable LDRs. Any prospective ERDF waste found to exceed the ERDF waste acceptance
criteria for one or more of these three constituents, therefore, will be treated to a level that
would meet the LDR treatment standard, if it were applicable.

The other seven contaminants of concern are not subject to LDRs. For these
contaminants, the ERDF leachate criteria establish stringent standards that will be protective of
human health and the environment for 10,000 years. Any prospective ERDF waste found to
exceed the ERDF leachate criteria for one or more of these constituents will be treated to
conform to the ERDF health-based standard.

Treatment of waste will be undertaken based on evaluations and remedial decisions
made at_ tlte-operatlff- unit_,-fe-zib?e t:eat;,er,t t; at will eru`,anue iong-ierm effectiveness and
protectiveness will be undertaken. Treatment that will have no benefit to protectiveness will not
be required. In particular, since treating to LDR requirements would not provide any
significant benefits in terms of long-term effectiveness, it will not be required.

Because the Hanford Site remediation wastes will consist primarily of soil and debris
contaminated with metals and radionuclides, there is no known destruction (toxicity reduction)
treatment that can be applied. Significant quantities or concentrations of organics, for which
destruction treatment technologies may exist, are not expected to be encountered. If any
significant quantities or concentrations of organics are encountered during remediation, an
evaluation of potential treatment options by the affected operable unit will be required.
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immobiiization is considered to be the most likely treatment technology to be used if
needed to meet the standards set for contaminants of concern in the ERDF waste acceptance
criteria.

The feasibility of volume reduction treatment is heavily dependant on specific physical
and chemical parameters of the target waste stream. It is believed that volume reduction
technology may be a feasible option for some operable unit wastes. Volume reduction
treatability tests arecurrently bein& conducted at operable units in the 100 and 300 Areas.

it is anticipated that the bulk of the waste to be emplaced at the ERDF will be high-
volume, low concentration (e.g., toxicity). The CAMU preamble states that "Given the
example, therefore, of a situation involving large volumes of low concentration contaminated
soils or other wastes, the Regional Administrator would have the discretion to evaluate
containment-based remedial approaches."

Based on the demonstration of protectiveness in the RI/FS, and the CAMU preamble
which allows the discretion to consider containment for waste of the type expected to be
received at ERDF, it is reasonable to authorize operation of ERDF as a CAMU subject only to
the treatment limitations imposed by the ERDF waste acceptance criteria. Such authorization
will not preclude use of treatment technologies where such technologies will have a beneficial
result in reduction of risk to human health or the environment, but it also will not require the
use of treatment when no significant benefit can be gained by such treatment.

CAMU Criterion No. 7 : The CAMU shall, to the extent practicable, minimize the
land area of the facility upon which wastes will remain in place after closure of the
CAMU:

ERDF will consolidate, within a single unit, waste material from around the Hanford
Facility, thereby maximizing the area which will be available for future use, and minimizing the
land area upon which wastes would remain after closure. Because of the dispersed nature of the
waste units and the need for sufficient buffer zones around each of the waste units, it is
estimated that remediation wastes within the 100, 200, and 300 Areas cover as much as
approximately 28.5 km2 (I1 mi2). The ERDF trench covers approximately 1.24 km2 (0.48 mi2),
which represents a reduction in areal extent of up to 95 percent.

Furthermore, the size of ERDF itself has been minimized to the extent practicable by
designing it as a single evolving trench. The single trench design minimizes the space needed
for waste placement, and the evolving trench concept assures that only the amount of trench
actually needed for waste management will be built.

..anus,-Ei<.::.^F will n:6^t i.'^.e cr.[erton for space minimization both by consolidating waste
from multiple waste units and by minimizing the amount of space needed for the ERDF itself.

CAMU Specifications. In addition to the determination that the proposed CAMU will
meet all of the substantive requirements of the seven CAMU criteria, the regulatory agency is
required to soecify certain information in its order, permit or remedy selection document
relating to the physical and operational aspects of the CAMU. As described below, information
sufficient to make these specifications is contained in the Regulatory Package.
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The areal configuration of the ERDF CAMU will be a single trench built as a series of
cells approximately 23,225 square meters (250,000 square feet) in area each. The total trench
dimensions may be as much as 305 meters (1000 feet) wide, 2740 meters (9000 feet) long and
21.3 (70 feet) deep. The final size may be less than the projected maximum because only the
amount of trench needed to contain remediation waste generated in Hanford Site cleanup will be
built.

ERDF operations will be conducted in a manner that is protective of human health and
the environmentand consistent with the CAMU designation. Waste proposed for placement at
the ERDF CAMU shall be characterized at the operable unit consistent with the observational
approach. The operable unit will either determine that the waste will meet ERDF waste
acceptance criteria, or determine appropriate treatment or other waste management options. The
majority of waste will be sent in bulk containers either by rail or truck and tipped into the
ERDF trench. Air emissions will be abated by use of interim cover and dust suppression
technology.

ERDF will be closed_withthewaste in nlace cnvered by a fmal barrier that will deter
intrusion, limit infiltration and minimize the need for long-term maintenance. Equipment ,
devices and structures used in support operations will be removed and decontaminated, or if
decontamination is not possible, placed into the trench prior to installation of the final barrier.
The RUFS modeling has demonstrated that closure of ERDF with the waste in place under a
final barrier that limits infiltration will protect human health and the environment, and minimize
post-closure escape of hazardous waste, hazardous constituents, leachate, contaminated runoff,
or hazardous waste decomposition products to the ground, to surface waters, or to the
atmosphere.

The post-closure plan for ERDF shall assure protection of human health and the
environment by means of monitoring and maintenance activities performed at a frequency that
will ensure the integrity of the final barrier.

Groundwater will continue to be monitored around the ERDF site during operation and
the closure/post-closure period by means of the groundwater well monitoring network described
in the CAMU Application. The monitoring shall detect and characterize releases from ERDF or
from other sources around ERDF.

Summary. As described above, the ERDF will meet all CAMU decision criteria, and
operation of the ERDF as a CAMU will be fully protective of human health and the
environment. Therefore, designation of the ERDF as a CAMU at this time is appropriate.

9.4 DETAILED EVALUATION

This section provides the detailed evaluation of each alternative in terms of the
applicable CERCLA criteria described in Section 9.2. Alternative scores for each subcriteria
are-provided-inTables9-8-througl 9 12. Qua:,tltative scores were utiiized when available. For
all the qualitative criteria, "high" is considered best and "low" is considered worse. Overall
rankings for each primary criteria were determined by normalizing the subcriteria scores on a
scaleof-zero-do-1 and weighting the-subcriteria. Quaiitative scores were normaiized by setting
"low" equal to 0, "medium" equal to 0.5, and "high" equal to 1. Normalized quantitative
scores are provided in the tables. The rationale for the subcriteria weighting is provided in
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Section 9.2. Total scores for each criteria are obtained by summing the products of the weights
and the subcriteria scores.

9.4.1 Alternative 1 - No Action

Evaluation of the no-action alternative is required under CERCLA (40 CFR
300.430(e)(6)). The no-action alternative for this FS consists of not constructing a centralized
waste management unit on the Hanford Site to accommodate remediation waste from Hanford
Site past-practice operable units. Implementation of the no-action alternative would likely result
in the necessity for each operable unit to develop alternatives that are limited to in-situ remedial
actions, or excavation and disposal at the operable unit. These alternatives would result in
waste remaining dispersed across the Hanford site, including near the Columbia River. The no-
action alternative is not evaluated against the standard CERCLA criteria given the uncertainty in
the selected remedies if the ERDF is not constructed. It should be noted,_hQwe_ver, that the no-

action alternative will not satisfy the purpose stated in section 1.2 to "support the removal of
contaminants from portions of the Hanford Site (including near the Columbia River) in a timely
manner".

9.4.2 Alternative 2 - No Liner and the Low-Infiltration Soil Barrier

This alternative consists of an unlined trench and a low-infiltration engineered soil
barrier (as described in Section 8.5. 1). The barrier prevents direct exposure to the waste and
includes a vegetated surface layer of fine-grained soils to retain moisture and encourage

evapotranspiration, thereby minimizing infiltration and vadose zone transport of contaminants to
groundwater. The upper 60 cm of the soil cover system is composed of an admixture of silt
and gravels. This layer is intended to both reduce infiltration through the cover and to enhance

-----the-resistance-of :lte-covCr-tO-bllrrowing-animals and long-term wind erosion. Institutional

controls and the other common elements described in Section 9.3 are included with this

alternative. Evaluations of this alternative against the relevant CERCLA criteria are provided

below.

Long-Term Effectiveness and Permanence. Based on the results presented in
Appendix A, none of the contaminants reach groundwater within 10,000 years for this scenario
under current climate conditions. Under the hypothetical wetter climate, as presented in
Table 9-8, this alternative results in a total ICR of 3x10' and a HQ of 7 within 10,000 years.
This alternative, along with the other alternatives that utilize the low-infiltration soil barrier,
performs slightly poorer than the alternatives with the modified Hanford or Hanford barriers and
is scored low in tenm of groundwater protection.

Reliability scores are provided in Table 9-9. As discussed in Sections 9.3.8 and 9.3.9,
this alternative scores low for both liner and barrier reliability. This alternative performs worst

----- 1nIe1_3n-of long-term effectiveness .

Short-Term Effectiveness. Scores for each of the short-term effectiveness sub-criteria
are sutntnarized in Table 9-10. The expected number of worker fatalities was determined by
summing the expected fatalities for excavation, construction of the low-infiltration soil barrier,

___ ___and ERDF Qperations as presented-in Section-9,3-?6.-The-expectPed .n.t..^:ber of worker fatalities
for this alternative (0.519) is the lowest for all the alternatives. The total impacted area at the
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L___,. :--- ---- ------ -- --.°i11E1`i3r-C3w^OUCC^-ti 4.14-km--;-SVi11Clt-iS-{icd-f6r-the-ICwcSt, and ^iu b^a,^ is used. Therefore,
this alternative performs best in terms of short-term effectiveness.

Implementability. Implementability scores are summarized in Table 9-11. This
altetnative has 3 layers in the barrier and no liner, giving it the best technical implementability
score.

Cost. As suri,marized on'fable-9=12,'uie total net present value for this alternative is
$500 million. This is the lowest cost alternative.

9.4.3 Alternative 3 - No Liner and the Modified Hanford Barrier

This alternative consists of an unlined trench and the modified RCRA barrier (as
described in Section 8.5.6). The barrier prevents direct exposure to the waste and includes a
vegetated surface layer of fine-grained soils to retain moisture and encourage evapotranspiration,
thereby minimizing infiltration and vadose zone transport of contaminants to groundwater. The
upper 50 cm (20 in.) of the soil cover system is composed of an admixture of silt and gravels.
This layer is intended to both reduce infiltration through the cover and to enhance the resistance
of-the-cover-to-burrowing-animals :.ttd-icsng-term wind-erosiori: In addition, a i5-cm (6-in.)
thick asphalt layer provides secondary protection against both infiltration and intrusion.
Institutional controls and the other common elements described in Section 9.3 are included with
this alternative. Evaluations of this alternative against the relevant CERCLA criteria are
provided below.

Long=Term Effectiveness and Permanence. Based on the results presented in
Appendix A, none of the contaminants reach groundwater within 10,000 years for this scenario

_ ^ndeicu.=^e.,t-c;ace cond:i:W. t' +^Pr the hypothetical wetter climate, this alternative results
in a total ICR of 2x10-5 and a maximum HQ of 0.8 within 10,000 years and this alternative
scores high in terms of groundwater protection (Table 9-8).

--Reliability-scores-are-summarized in-Tablei 9.--As-discussed in-Sections 9.3:8-and
9.3.9, this alternative scores low on liner reliability and medium on barrier reliability.

Short-Term Effectiveness. Scores for each of the short-term effectiveness sub-criteria
are summarized in Table 9-10. The expected number of fatalities was determined by summing
the expected fatalities for excavation, construction of the modified Hanford barrier, and ERDF
operations as presented in Section 9.3.16. The estimated worker fatalities for this alternative
(0.522) ranks second best. The total impacted area at the silt borrow source is 0.26 ktrt2, which
is average, and no basalt is used. This alternative has the 4th best short-term effectiveness
score.

Implementability. Implementability scores are summarized in Table 9-11. This
alternative has 9 layers in the barrier and no liner, resulting in a medium score for technical
implementability.

Cost. As summarized on Table 9-12, the total net present value for this alternative is
$600 million. This is the third lowest cost alternative.
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9.4.4 Alternative 4 - No Liner and the Hanford Barrier

This alternative consists of an unlined trench and the Hanford Barrier (as described in
Section 8.5.6). The barrier prevents direct exposure to the waste and includes a vegetated
surfacelayer of fine-grained soilsto retain moisture and encourage evapotranspiration, thereby
minimizing infiltration and vadose zone transport of contaminants to groundwater.-Theunner t
m(3.28 ft) of the soil cover system is composed of an admixture of silt and gravels. This layer
is intended to both reduce infiltration through the cover and to enhance the resistance of the
cover to burrowing animals and long-term wind erosion. A 1.5-m (4.9-ft) thick crushed basalt

----- -------- beneath-{I:E-EVapOtfanSl)tPdElfin-zOne-prvJi c8 auuitio_,,i^,ai _pro,_^oc,:uun against intrusion. In
addition, a 15-cm (6-in.) thick asphalt layer provides additional protection against both
infiltration and intrusion. Institutional controls and the other common elements described in
Section 9.3 are included with this alternative. Evaluations of this alternative against the relevant
CERCLA criteria are provided below.

Long-Term Effectiveness and Permanence. Based on the results presented in
Appendix A, none of the contaminants reach groundwater within 10,000 years for this scenario
under current climate conditions. Under the hypothetical wetter climate, this alternative results
in a total ICR of 2x10-5 and a HQ of 0.8 within 10,000 years (Table 9-8) and is considered high
in terms of groundwater protectinn.

Reliability scores are summarized in Table 9-9. As discussed in Sections 9.3.8 and
9.3.9, this alternative scores low on liner reliability and high on barrier reliability.

Short-Term Effectiveness. Scores for each of the short-term effectiveness sub-criteria
are-summarize¢i in Table-940.- Theeapected nuriiber of fataiities was determined by summing
the expected fatalities for excavation, construction of the Hanford barrier, and ERDF operations
as presented in Section 9.3.16. The estimated worker fatalities for this alternative (0.556) ranks
5th best. The total impacted area at the silt borrow source is 0.54 km2, which is tied for last,
and the inipacted area at the basalt borrow source is 0.21 km2. Overall, this alternative is
ranked 7th for short-term effectiveness.

{rnple_merttability. impiementability scores are summarized in Table 9-11. This
alternative has 11 layers in the barrier and no liner, giving it a medium technical
implementability score.

Cost. As summarized on Table 9-12, the total net present value for this alternative is
$740 million. This is the sixth lowest cost alternative.

9.4.5 Alternative 5- Single Composite Liner and the Low-Infiltration Soil Barrier

This alternative consists of a single-composite liner (described in Section 8.6.4) and a
low-infiltration engineered soil barrier (as described in Section 8.5.1). The barrier prevents
direct exposure to the waste and includes a vegetated surface layer of fine-grained soils to retain
inoisttire and encourage-evapotranspiration; thereby minimizing infiltration and vadose zone
transport of contaminants to groundwater. The upper 60 cm of the soil cover system is
composed of an admixture of silt and gravels. This layer is intended to both reduce infiltration
through the cover and to enhance the resistance of the cover to burrowing animals and long-
term wind erosion. The liner retains leachate within the trench which is then pumped out using
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a leachate collection system and treated. Institutional controls and the other common elements
described in Section 9.3 are included with this alternative. Evaluations of this alternative
against the relevant CERCLA criteria are provided below.

Long-Term Effectiveness and Permanence. Based on the results presented in
Appendix A, none of the contaminants reach groundwater within 10,000 years for this scenario
under current climate conditions. Under the hypothetical wetter climate, this alternative results
in a total ICR of 2x10' and a HQ of 7 within 10,000 years. This alternative, along with the
other alternatives that utilize the low-infiltration soil barrier, perfortns slightly poorer that the
alternatives with the modified Hanford or Hanford barriers and is scored low for groundwater
protection.

Reliability scores are summarized in Table 9-9. As discussed in Sections 9.3.8 and
9.3.9, this alternative scores medium for liner reliability and low for barrier reliability.

Scores
_: :

of
• -

Shaa-T€rm Effectiveness. Sc^„o^ for ca,h or uie short-term effectiveness sub cntena:.a
= are summarized in Table 9-10. The expected number of fatalities was determined by summing

the expected fatalities for excavation, construction of the single composite liner and the low-
infiltration soil barrier, and ERDF operations as presented in Section 9.3.16. The estimated
worker fatalities for this alternative (0.543) ranks third best. The total impacted area at the silt
borrow source is 0.14 km2. which is tied for first, and no basalt is used. The overall short-term
effectiveness score is ranked second.

Implementability. Implementability scores are summarized in Table 9-11. This
alternative has a total of 8 layers in the barrier and liner, giving it a medium score for technical
implementability.

Cost. As summarized on Table 9-12, the total net present value for this alternative is
$587 million. This is the second lowest cost alternative.

9.4.6 Alternative 6 - Single Composite Liner and the Modified Hanford Barrier

This alternative consists of a single-composite liner (described in Section 8.6.4) and the
modified RCRA barrier (as described in Section 8.5.6). The barrier prevents direct exposure to
the waste and includes a vegetated surface layer of fine-grained soils to retain moisture and
encourage evapotranspiration, thereby minimizing infiltration and vadose zone transport of
contaminants to groundwater. The upper 50 cm (20 in.) of the soil cover system is composed
of anadmixture of silt and gravels. This layer is intended to both reduce infiltration through
the cover and to enhance the resistance of the cover to burrowing animals and long-term wind
erosion. In addition, a 15-cm (6-in.) thick asphalt layer provides secondary protection against
both infiltration and intrusion. The liner retains leachate within the trench which is then
pumped out using a leachate collection system and treated. Institutional controls and the other
common elements described in Section 9.3 are included with this alternative. Evaluations of
this alternative against the relevant CERCLA criteria are provided below.

Long-Term Effectiveness and Permanence. Based on the results presented in
Appendix A, none of the contaminants reach groundwater within 10,000 years for this scenario
under current climate conditiuns. Under the hypothetical wetter climate, this alternative results
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in a total ICR of 2x101 and a maximum HQ of 0.8-within 10,000 years and is scored high in
terms of groundwater protection.

Reliability scores are summarized in Table 9-9. As discussed in Sections 9.3.8 and
9.3.9, this alternative scores medium on both liner and barrier reliability.

Short-Term Effectiveness. Scores for each of the short-term effectiveness sub-criteria
are summarized in Table 9-10. The expected number of fatalities was determined by summing
the expected fatalities for excavation, construction of the single composite liner and the modified
Hanford barrier, and ERDF operations as presented in Section 9.3.16. The estimated worker
fatalities for this alternative (0.546) rank 4th best. The total impacted area at the silt borrow
source is 0.26 km2, which is tied for fourth, and no basalt is used. This alternative is fifth in

tertnsof-overall short-term-gffectiveness-

Implementability. Implementability scores are summarized in Table 9-11. This

alternative has a total of 14 layers in the barrier and liner, giving it a low score for technical
implementability.

Cost. As summarized on Table 9-12, the total net present value for this alternative is
$690_million. This is the f'•tfth-lawest sost-altertsative.

9.4.7 Alternative 7 - Sinp,leComposite Liner and the Hanford Barrier

Thisalternat_'ve_consists ofa-sing!e compasite !iner (described in Section 8.6.4) and the
Hanford Barrier (as described in Section 8.5.6). The barrier prevents direct exposure to the
waste and includes a vegetated surface layer of fine-grained soils to retain moisture and
encourage evapotranspiration, thereby minimizing infiltration and vadose zone transport of
contaminants to groundwater. The upper 1 m(3.28 ft) of the soil cover system is composed of
an admixture of silt and gravels. This layer is intended to both reduce infiltration through the
cover and to enhance the resistance of the cover to burrowing animals and long-term wind
erosion. -A Y.5-m(4.9-ft) thick crushed basalt layer beneath the evapotranspiration zone
provides additionalprotection agairt&t intrusion.- In additionra_I5-cm(6-in.) thick a.,-halt laver
provides additional protection against both ittfltration and intrusion. The liner retains leachate
within the trench which is then pumped out using a leachate collection system and treated.
Institutional controls and the other common elements described in Section 9.3 are included with
this alternative. Evaluations of this alternative against the relevant CERCLA criteria are
provided below.

Long-Term Effectiveness and Permanence. Based on the results presented in
Appendix A, none of the contaminants reach groundwater within 10,000 years for this scenario
under current climate conditions. Under the hypothetical wetter climate, this alternative results
in a total ICR of 2x101 and a HQ of 0.8 within 10,000 years and is scored high in terms of
groundwater protection.

Reliability scores are summarized in Table 9-9. As discussed in Sections 9.3.8 and
9.3.9, this alternative scores medium on liner reliability and high on barrier reliability.

Short-Term Effectiveness. Scores for each of the short-term effectiveness sub-criteria
are summarized in Table 9-10. The expected number of fatalities was determined by summing
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the expected fatalities for excavation, construction of the single composite liner and the Hanford
barrier, and ERDF operations as presented in Section 9.3.16. The estimated worker fatalities
for this alternative (0.58) is the second worst score. The total impacted area at the silt borrow
source is 0.54 km2, which is tied for last, and the impacted area at the basalt borrow source is
0.22 km2. This alternative has the second worst short-term effectiveness score.

Implementability. Implementability scores are summarized in Table 9-11. This
alternative has a total of 16 layers in the barrier and liner, giving it a low technical
,...a ^^^^... r.: r...uuyaa.aua.uacvuuy ociir°.

Cost. As summarized on Table 9-12, the total net present value for this alternative is
$826 million. This is the second most expensive alternative.

9.4.8 Alternative 8 - RCRA Double Composite Liner and the Low-Infiltration Soil Barrier

This alternative consists of a RCRA Subtitle C double-composite liner (described in
Section 8.6.4) and a low-infiltration engineered soil barrier (as described in Section 8.5.1). The

= barrier prevents direct exposure to the waste and includes a vegetated surface layer of fine-
grained soils to retain moisture and encourage evapotranspiration, thereby minimizing
infiltration and vadose zone transport of contaminants to groundwater. The upper 60 cm of the
soil cover system is composed of an admixture of silt and gravels. This layer is intended to
bcth--reduce-itr_f-:_ltratio?e-thtv3ugh ihe-eover attd to-enhaitce the resistmice of the cover to
burrowing animals and long-term wind erosion. The liner retains leachate within the trench
which is then pumped out using a leachate collection system and treated. A secondary leachate
collection system retains any leachate that leaks through the primary leachate collection system.
Institutional controls and the other common elements described in Section 9.3 are included with
this alternative. Evaluations of this alternative against the relevant CERCLA criteria are
provided below.

Long-Term Effectiveness and Permanence. Based on the results presented in
Appendix A, none of the contaminants reach groundwater within 10,000 years for this scenario
under current climate conditions. Under the hypothetical wetter climate, this alternative results
in a total ICR of 2x10' and a maximum HQ of 7 within 10,000 years. This alternative, along
with the other alternatives that utilize the low-infiltration soil barrier, performs slightly poorer
that the alternatives with the modified Hanford or Hanford barriers and is scored low on
groundwater protection.

Reliability scores are summarized in Table 9-9. As discussed in Sections 9.3.8 and
9.3.9, this alternative scores high for liner reliability and low for barrier reliability.

-- -- -- -- -- --Short-Term-Effestiveness. - Scores-for-each of tlte sho.tea;u effectiveness sub-criteria
are summarized in Table 9-10. The expected number of fatalities was determined by summing
the expected fatalities for excavation, construction of the double composite liner and the low-
infiltration soil barrier, and ERDF operations as presented in Section 9.3.16. The estimated
worker fatalities for this alternative (0.566) is the fourth worst. The total impacted area at the
silt borrow source is 0.14 km2 and no basalt is used. This alternative has the third best overall
short-term effectiveness score.
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Implementability. Implementability scores are summarized in Table 9-11. This
alternative has a total of 11 layers in the barrier and liner, giving it a medium technical
impiementability score.

Cost. As summarized on Table 9-12, the total net present value for this alternative is
$680 million. This is the fourth cheapest alternative.

___9.4.9 Aitemanve 9- RCnA Doubie Composite Liner and the Modified Hanford Barrier

This alternative consists of a RCRA Subtitle C double-composite liner (described in
Sectior, 8.6.4) and the modified RCRA barrier (as described in Section 8.5.6). The barrier
prevents direct exposure to the waste and includes a vegetated surface layer of fine-grained soils
to retain moisture and encourage evapotranspiration, thereby minimizing infiltration and vadose
zone transport of contaminants to groundwater. The upper 50 cm (20 in.) of the soil cover
system is composed of an admixture of silt and gravels. This layer is intended to both reduce
infiltration through the cover and to enhance the resistance of the cover to burrowing animals
and long-term wind erosion. In addition, a 15-cm (6-in.) thick asphalt layer provides secondary
protection against both infiltration and intrusion. The liner retains leachate within the trench
which is then pumped out using a leachate collection system and treated. A secondary leachate
collection system retains any leachate that leaks through the primary leachate collection system.
Institutional controls and the other common elements described in Section 9.2 are included with
this alternative. Evaluations of this alternative against the relevant CERCLA criteria are
provided below.

Long-Term Effectiveness and Permanence. Based on the results presented in
Appendix A, none of the contaminants reach groundwater within 10,000 years for this scenario
under current climate conditions. Under the hypothetical wetter climate, this alternative results
in a total ICR of 2x10-5 and a maximum HQ of 0.8 within 10,000 years and is scored high in
terms of groundwater protection.

Reliability scores are summarized in Table 9-9. As discussed in Sections 9.3.8 and
9.3.9, this alternative scores high on liner reliability and medium on barrier reliability.

Short-TemEffectlvPness. Scores for each of the short-term effectiveness sub-criteria- - - -
are summarized in Table 9-10. The expected number of fatalities was determined by summing
the expected fatalities for excavation, construction of the double composite liner and the
modified Hanford barrier, and ERDF operations as presented in Section 9.3.16. The estimated
worker fatalities for this alternative (0.569) is the third worst. The total impacted area at the
-`a'sli-e^'i^cr.r{36J3our.^.e iS-v.2^6 ktn2 •••~• ^• ' ti ed •^ • • • . .w.^lu. is ^ifor fourth , and no oasatt i s used, resulting in the
sixth best overall short-term effectiveness score.

Implementability. Implementability scores are summarized in Table 9-11. This
alternative has a total of 17 layers in the barrier and liner, giving it a low technical
impiementabiiity score.

Cost. As summarized on Table 9-12, the total net present value for this alternative is
$779 million. This is the third most expensive alternative.
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9.4.10 Alternative 10 - RCRA Double Composite Liner and the Hanford Barrier

This alternative consists of a RCRA Subtitle-C double-composite liner (described in
Section 8.6.4) and the Hanford Barrier (as described in Section 8.5.6). The barrier prevents
direct exposure to the waste and includes a vegetated surface layer of fine-grained soils to retain
moisture and encourage evapotranspiration, thereby minimizing infiltration and vadose zone
transport of contaminants to groundwater. The upper 1 m(3.28 ft) of the soil cover system is
composed of an admixture of silt and gravels. This layer is intended to both reduce infiltration
through the cover and to enhance the resistance of the cover to burrowing animals and long-
term wind erosion. A 1.5-m (4.9-ft) thick crushed basalt layer beneath the evapotranspiration
zone provides additional protection against intrusion. In addition, a 15-cm (6-in.) thick asphalt
layer_provldes-addtttonaLprotection-agatnst both-tttfihratton-and-intntsiott-.---The liner retains
leachate within the trench which is then pumped out using a leachate collection system and
treated. - A secondary ieachate collection system retains any leachate that leaks through the
primary leachate collection system. Institutional controls and the other common elements
described in Section 9.2 are included with this alternative. Evaluations of this alternative
against the relevant CERCLA criteria are provided below.

Long-Term Effectiveness and Permanence. Based on the results presented in
Appendix A, none of the contaminants reach groundwater within 10,000 years for this scenario
under current climate conditions. Under the hypothetical wetter climate, this alternative results
in a total ICR of 2x105 and a maximum HQ of 0.8 within 10,000 years and is scored high in
terms of groundwater protection.

Reliability scores are summarized in Table 9-9. As discussed in Sections 9.3.8 and
9.3.9, this alternative scores high on both liner and barrier reliability.

Short-Term Effectiveness. Scores for each of the short-term effectiveness sub-criteria
are summarizedin Table 9-10. The expected number of fatalities was determined by summing
the expected fatalities for excavation, construction of the double composite liner and the
Hanford barrier, and ERDF operations as presented in Section 9.3.16. The estimated worker
fatalities for this alternative (0.603) is the worst score for all the alternatives. The total
impacted area at the silt borrow source is 0.54 km2, which is tied for last, and the impacted area
at the basalt borrow source is 0.22 km2. This alternative has the worst overall short-term
effectiveness score.

Implementab_ility.--Implementability scores are summariz.ed in Table 9-11. This
alternative has a total of 19 layers in the barrier and liner, giving it a low technical
implementability score.

Cost. As summarized on Table 9-12, the total net present value for this alternative is
$920 million. This is the most expensive alternative.

9.5 COMPARATIVE ANALYSIS

A summary of the alternative rankings for each of the criteria is provided in Table 9-13.
The following conclusions may be drawn from the summary ranking and other information
provided in the detailed evaluations:
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• Groundwater protection is primarily a function of the surface barrier. All three
barriers provide equivalent groundwater protection under current climate
conditions. Under hypothetical wetter climate conditions, however, alternatives
with the Hanford Barrier and modified Hanford barrier provide better
groundwater protection than alternatives with the low-infiltration soil barrier.

• The Hanford barrier is more reliable than the modified Hanford barrier which is
itself more reliable than the low-infiltration soil barrier.

• Given the fate and transport assumptions used in this analysis, alternatives with
n4lineL_prQVidesitnilai-grouadwatsrprotection-as alttrnativa w .), a liner.
Furthermore, the single liner is virtually equivalent in effectiveness to the double
liner.

• The most important advantage of alternatives with a liner is that they provide a
!.XI means to determine the validity of assumptions regarding leachate generation
=
L...7

and leachate quality. If these assumptions prove to be non-conservative, it

[ c
would be possible to initiate corrective action.

( i

4"^ - ^ Altertlatives w=iEh BneHattford ma.iier plvVide the best long-term effectiveness°-
but at the expense of greater impacts on the environment and higher costs.

• Worker risk is dominated by operations, which is the same for all the
alternatives. Consequently, the expected number of worker fatalities ranges
from 0.52 to 0.60 over the life of the facility, and is not a useful differentiator
between the alternatives.
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Table 9-1. Summary of Remedial Action Components for ERDF Alternatives.

Alternative I No Single Double Low Modified Hanford
Number Liner Liner Liner Infiltration Hanford Barrier

Soil Cover Barrier

2 X X

3 X X

4 X X

5 X x

6 X X

7 X X

8 X X

9 X X

10 X X

Note: "X" indicates the technology is included in the alternative.
Blank spaces indicate the technology is not part of the alternative.

ALTERNATIVE NAMES

1. No Action Alternative
2. No Liner with a Low Infiltration Soil Cover
3. No Li^.z wit.h a Modified Hanford Barrier
4. No Liner with a Hanford Barrier
5. Single Composite Liner with Low Infiltration Soil Cover
6. Single Composite Liner with a Modified Hanford Barrier
7. Single Composite Liner with a Hanford Barrier
8. Double Composite Liner with a Low Infiltration Soil Cover
9. Double Composite Liner with a Modified Hanford Barrier
10. Double Composite Liner with a Hanford Barrier
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Table 9-2. Raw Liner Construction Costs.

Single Liner Double Liner

Bottom Liner (864,000 m^

Unit Cost (per m) $31.56 $70.54

Total Cost for Bottom $27 million $61 million

Sideslope Liner (417,000 m^

Unit Cost (per mz) $28.72 $63.79

Total Cost for Sideslope $12 million $27 million

Total Liner Cost $39 million $88 million

r.Tote:- L-Tnitcosts-for-liners are based-on-infermation provided in Section 8.6. -
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Table 9-3. Labor Requirements for Construction of the Liners.

;_x

.s

Crew Material Single Liner Double Liner

Layer Size Placement

Rate

(per day)

Material
Quantity

Labor
(days)

Material

Quantity

Labor

(days)

Operations Layer (m3) 11 2,000 1.20E+06 6,600 1.20E+06 6,600

Geotextile Separator (m2) 24 7,500 8.60E+05 2,752 8.60E+05 2,752

Drainage Gravel (m) 9 750 2.60E+05 3,120 5.20E+05 6,240

Drainage Geocomposite

(m)

24 5,000 4.20E+05 2,016 8.30E+05 3,984

Geotextile Cushion (m) 24 7,500 8.60E+05 2,752 2.60E+06 8,320

HDPE (mz) 24 2,500 1.30E+06 12,480 2.60E+06 24,960

^ i3entonite Admix (m3) 18 1,500 3.90E+05 4,680 1.20E+06 14,400

Subgrade (m) 4 5,000 1.30E+06 1,040 1.30E+06 1,040

- iv[aienai TransPori " - - -- - 5,(1tA) 11,000

Total 40,440 79,296
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Table 9-4, Tntal Matnriai Re!]Ui.e.aentS for the Trench Liners.

Single Liner Double Liner

4--- - - Tnickness Quantity Thickness Quantity
(m) (million) (m) (million)

General Fill 0.9 1.2 m' 0.9 1.2 m'
(Bottom and Sideslope)

Geotextile Separator (area) 0.86 m2 (area) 0.86 m2
(Bottom only)

Gravel 0.3 0.26 m' 0.3x2 0.52 m'
(Bottom only)

Geotextile Cushion (area) 0.86 mZ (area)x3 2.6 m2
(Bottom only)

Drainage Geocomposite (area) 0.42 mz (area)x2 0.83 m2
(Sideslope only)

HDPE Geomembrane (area) 1.3 m2 (area)x2 2.6 mz
(Bottom and Sideslope)

Sand 0.24 0.31 m' 0.72 0.92 m'
(Bottom and Sideslope)

Bentonite 0.06 0.08 m' 0.18 0.23 m'
(Bottom and Sideslope)

Notes:
(area) - Two-dimensional material that is considered to have a thickness of zero.
Assumes areas of 864,000 m2 for the bottom liner and 417,000 m2 for the sideslope liner.
im=3.28ft
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Table 9-5. Labor Requirements for Construction of the Barriers.

!, r̂y

Iayer

Material

Placemem

Low-Infiltntion Soil

Barrier

Modified Hanford

Barrier

Hanford Barrier

ll,rea

(per day) Material

Quantity
Labor

(days)
Material

Quantity
Labor

(days)
Material

Quantity
Labor

(days)

-Silf A',.c,:z (.3) - - - ---3,005l- -5.16E+05 - -- 3,264- -6.E0E+05- -- 2,720- --1,47Er06-- 3,880

Silt (m3) 1,500 6.80E+05 5,440 1.47E+06 11,760

General Fill (m3) 5,000 5.44E+06 13,056 4.08E+06 9,792

Geofilter (m2) 7,500 1.46E+06 2,336

Sand Filter (m3) 1,500 2.04E+05 1,632 2.20E+05 1,760

Gravel Filter (m3) 1,500 2.04E+05 1,632 4.41E+05 3,528

Crushed Basalt (m^ 1,500 2.21E+06 17,640

Drainage Gravel (m3) 1,500 2.04E+05 1,632 4.41E+05 3,528

Asphalt (m3) 2,000 2.04E+05 1,224 2.20E+05 1,320

Base Coune (m3) 1,500 1.36E+05 1,088 1.47E+05 1,176

Material Transport 5,000 11,000 35,000

Total 21,320 36,160 83,928

°Assumea a crew size of 12 workers.
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Table 9-6. Material Requirements for the Barriers.

Low Infiltration Soil
Barrier

Modified Hanford
Barrier

Hanford Barrier

Thickness
(m)

Quantity
(million)

Thickness
(m)

Quantity
(million)

Thickness
(m)

Quantity
(million)

Vegetation (area) 1.36 mZ (area) 1.36 m2 (area) 1.47 m2

Silt 0.5 0.68 m' 0.93 1.3 m' 1.85 2.7 m'

Sand 0 0 0.15 0.20 m' 0.15 0.22 m'

Gravel 0.1 0.14 m' 0.47 0.64 m' 0.85 1.2 m'

General Fill 4.0 5.4 m3 3.0 4.1 m' 0 0

Geotextile Filter 0 0 0 0 (area) 1.47 mz

Crushed Basalt 0 0 0 0 1.5 2.2 m'

Asphalt Coating 0 0 (area) 1.36 m2 (area) 1.47 mz

Asphalt 0 0 0.15 0.20 m' 0.15 0.22 m'

Notes:
(area) - Two-dimensional material that is considered to have a thickness of zero.
Assumes areas of 1.36 million mZ for the low permeability soil barrier and modified Hanford
barrier and 1.47 million m2 for the Hanford Barrier.
Im=3.28ft
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Table 9-7. Capital Cost Estimates and Mulipliers for ERDF Elements ($ x 1,000).

:j

Base Overhead/ Contingincy Total Project Constmction
Component Constmction Profit (28.00%) C:onstruction Management Management Total

Cost 03.30%) Cost (6.50%) (13.40%) Cort

Support Facilities

Site Preparation $3,467 $808 $1,197 $5,472 $356 $733 $6,561
Water Supply $1,531 $357 $529 $2,416 $157 $324 $2,897

Railroad $9,197 $2,143 $3,175 $14,515 $943 $1,945 $17,404
Landscaping $86 $20 $30 $136 $9 $18 $163
Roads, walks, paved areas $3,914 $912 $1,351 $6,177 $402 $828 $7,407
Operations Building $3,553 $828 $1,227 $5,607 $364 $751 $6,723

Decon.frreatmentFacility $10,236 $2,385 $3,534 $16,155 $1,050 $2,165 $19,370
ConuinerStorage Shed $2,279 $531 $787 $3,597 $234 $482 $4,313

Data Processing Equipment $2,770 $645 $956 =4,372 $284 $586 $5,242
Fuel and Chemical Storage $51 $12 $18 $80 $5 $11 $97

Sanitary Waste System $132 $31 $46 $208 $14 $28 $250
Secondary Containement $25 $6 $9 $39 $3 $5 $47

Site Communications $919 $214 $317 $1,450 $94 $194 $1,739
Site Electrical $968 $226 $334 $1,528 $99 $205 $1,832

Substation $235 $55 $81 $371 $24 $50 $445
Site Lighting $171 $40 $59 $270 $18 $36 $324

Leachate Storage Tenke $430 $100 $148 $679 $44 $91 $814

Subtotal Support Facilities $39,534 $9,211 $13,649 $62,394 $4,056 $9,361 $75,000

Permitting, Design, Etc - - - - - _ $22,000

Trench Excavation $57,696 $13,443 $19,919 $91,058 $5,919 $12,202 $109^000

Single Liner $39,000 $9,087 $13,464 $61,551 $4,001 $8,248 $74,000

Double Liner $88,000 $20,504 $30,381 $138,885 $9,029 $18,611 $167,000

Leachate Collection $5,984 $1,394 $2,066 $9,444 $614 $1,266 $11,000

Low-Infil. Soil Barrier $28,000 $6,523 $9,667 $44,191 $2,872 $5,922 $53,000

Modified Hanford Barrier $107,000 $25,033 $37,083 $169,523 $11,019 $22,716 $203,000

Hanford Barrier $197,000 $45,901 $68,012 $310,913 $20,209 $41,662 $373,000

Notes:

Raw coste for support facilitiee, permitting, design, trench excavation, and leachate collection based on U .S. Army Corps of Engineers (1994).

Raw costs for liners and barriers are developed in Sections 9.3.

Multipliers are based on U.S. Army Corpe of Engineers (1994).
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Table 9-8. Predicted Groundwater Human-Health Risks for Remedial Alternatives under
Hypothetical Wetter Climate Conditions.

Alternative Total ICR Maximum HQ

1. No Action NA NA

2. No Liner with Low Infiltration Soil Barrier 3E-04 7

3. No Liner with Modified Hanford Barrier 2E-05 0.8

4. No Liner with Hanford Barrier 2E-05 0.8

5. Single Liner with Low Infiltration Soil Barrier 2E-04 7

6. Single Liner with Modified Hanford Barrier 2E-05 0.8

7. Single Liner with Hanford Barrier 2E-05 0.8

8. Double Liner with Low Infiltration Soil Barrier 2E-04 7

9. Double Liner with Modified Hanford Barrier 2E-05 0.8

10. Double Liner with Hanford Barrier 2E-05 0.8

NA = Not Available.
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Table 9-9. Scores for Long-Term Effectiveness.

^_-
'^

Alternative Groundwater Liner Barrier Score
Protection Reliability Reliability (Rank)

Weighting 0.4 0.1 0.5

1. No Action NA NA NA NA

2. No Liner with Low Infiltration Low Low Low 0.00 (9)
Soil Barrier

3. No Liner with Modified High Low Medium 0.65 (6)
Hanford Barrier

4. - No Liner with Hanford Barrier High Low -High -0.90 (3)

5. Single Liner wirh i nw Low Medium Low 0.05 (8)
Infiltration Soil Barrier

6. Single Liner with Modified High Medium Medium 0.70 (5)
Hanford Barrier

7.-- --Singie Liner with Hanford High Medium High 0.95(2)
Barrier

8. Double Liner with Low Low High Low 0.10 (7)
Infiltration Soil Barrier

9. Double Liner with Modified High High Medium 0.75 (4)
Hanford Barrier

10. Double Liner with Hanford High High High 1.00 (1)
Barrier - - -

NA = Not Available.
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Table 9-10. Scores for Short-Term Effectiveness Sub-Criteria.

Alternative Expected Silt Quarr_y Basalt- Scnrr

Worker Areaa Quarry (Rank)
Fatalitiesa (km^ Areaa

(krn^

Weighting 0.2 0.4 0.4

1. No Action NA NA NA NA

2. No Liner with Low Infiltration 0.519 (1) 0.14 (1) 0(1) 1.00 (1)
Soil Barrier

3. No Liner with Modified --_
-- 4.522 (0.96) n,26 (0.7) 0(1) 0.87 (4)

Hanford Barrier

4. No Liner with Hanford Barrier 0.556 (0.56) 0.54 (0) 0.22 (0) 0.11 (7)

5. Single Liner with Low 0.543 (0.71) 0.14 (1) 0(1) 0.94 (2)
Infiltration Soil Barrier

6. Single Liner with Modified 0.546 (0.68) 0.26 (0.7) 0(1) 0.82 (5)
Hanford Barrier

7. Single Liner with Hanford 0.580 (0.27) 0.54 (0) 0.22 (0) 0.05 (8)
Barrier

8. Double Liner with Low 0.566 (0.44) 0.14 (1) 0(1) 0.89 (3)
___.Tnfiltratinn .CCiI R ,a,^rrier - - - -

9. 13ouble-L'u,er with Modified 0569 (0.40) 0.26 (0.7) 0(1) 0.76 (6)I
H anford Barrier

10. Double Liner with Hanford

T
0.603 (0) 0.54 (1) 0.22 (0) 0.00 (9)

Barrier

NA - Not Available.
aNormalized sub-criterion scores shown in parenthesis.
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Table 9-11. Scores for ImplementabHity Sub-Criteria.

rr,

,
I e°M _

i{T?

y

Alternative Technicala Rank

1. No Action NA NA

2. No Liner with Low Infiltration High 1
Soil Barrier

3. No Liner with Modified Medium 2(tie)
Hanford Barrier

4. No Liner with Hanford Barrier Medium 2(tie)

5. Single Liner with Low Medium 2(tie)

Infiltration Soil Barrier

6. Single Liner with Modified Low 6(tie)
Hanford Barrier

7. Single Liner with Hanford Low 6(tie)
Barrier

8. Double Liner with Low Medium 2(tie)
Infiltration Soil Barrier

9. Double Liner with Modified Low 6(tie)
Hanford Barrier

10. Double Liner with Hanford Low 6(tie)
Barrier

NA - Not Available.
aMeasured in terms of total layers in the liner and barrier.
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Tab:^ 9-12. ^OSL; for Rei^aiial 4liernatives.

General Liner Barrier Operations Total Rank
- - --- - rosts-a-- Costsb- - .^,osese- - - .^-osid---- =rnsent -

Value

1. No Action NA NA NA NA NA NA

2. No Liner with Low $206 0 $40 $256 $502 1
Infiltration Soil Barrier

3. No Liner with Modified $206 0 $139 $256 $601 3
Hanford Barrier

4. No Liner with Hanford $206 0 $279 $256 $741 6
Barrier

e-Sung 1 Liner=aith-: ow ^^^6^^ $85 "40a ""'aoo -$587 2
Infiltration Soil Barrier

6. Single Liner with Modified $206 $85 $139 $256 $686 5
Hanford Barrier

7. Single Liner with Hanford $206 $85 $279 $256 $826 8
Barrier

8. Double Liner with Low $206 $178 $40 $256 $680 4
Infiltration Soil Barrier

9. Double Liner with Modified $206 $178 $139 $256 $779 7
Hanford Barrier

10. Double Liner with Hanford $206 $178 $279 $256 $919 9
_Ba_rrier - - - - - - -

All costs are in millions.
NA - Not available.

a- Includes support facilities, p-e-rmitting,design. and trench excavation.
I 6- Includes liner and leachate collection system.
° Netpresent-valugof barrler-costs-assuming a discount rate-o€-6 percent-ove: 20-years. -d Net present value of annual operations cost of $20 million/yr for 25 years assuming a discount rate

of 6 percent.
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Table 9-13. Summary Ranking of the Alternatives Against the Criteria.

Long-Term Short-Term
Alternative Effectiveness Effectiveness Implementability Cost

I NA NA NA NA

2 9 1 1- 1

3 6 4 2(tie) 3

4 3 7 2(tie) 6

5 8 2 2(tie) 2

6 5 5 6(tie) 5

7 2 8 6(tie) 8

8 7 3 2(tie) 4

9 4 6 6(tie) 7

10 1 9 6(tie) 9

Notes:
1 - No Action

2- No Liner with Low Infiltration Soil Barrier
3 - No Liner with Modified Hanford Barrier
4- No Liner with Hanford Barrier
5- Single Liner with Low Infiltration Soil Barrier

6- Single Liner with Mndifi,Pi I-ianford Barrier

7- Single Liner with Hanford Barrier
8- Double Liner with Low Infiltration Soil Barrier
9- Double Liner with Modified Hanford Barrier
10 - Double Liner with Hanford Barrier
NA - Not Availahlr.,
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10.0 CONCLUSIONS

The purpose of this RiiFS was to develop and evaluate design alternatives for the
ERDF,-a proposed CANIU-int^nded-tct r•ceive excavated-soil and other wastes fror^ CERCLA
and RCRA operable units on the Hanford Site. The proposed location for the ERDF is on the
200 Area plateau, just south of the 200 West and 200 East Areas.

Development of Alternatives. Various technologies were evaluated and screened,
although the primary focus was on surface barrier and trench liner technologies. The retained
technologies were assembled into 9 design alternatives (in addition to the no-action alternative).
The nine alternatives represent combinations of no liner, a single composite liner, or a RCRA
1v1TRdouble compositeliner,with - a dow-infiltration-soil barrier, a-modified Ilariord barrier, or
a Hanford Barrier. The alternatives are listed below:

• Alternative I - No action

• Alternative 2 - No liner and a low-infiltration soil barrier
• Alternative 3 - No liner and a modified Hanford barrier
- Alternative 4- No iiner and a Hanford Barrier
• Alternative 5 - Single composite liner and a low-infiltration soil barrier
• Alternative 6 - Single composite liner and a modified Hanford barrier

" • Alternative 7 - Single composite liner and a Hanford Barrier
• Alternative 8- RCRA double composite liner and a low-infiltration soil

barrier
• Alternative 9 - RCRA double composite liner and a modified Hanford barrier
• Alternative 10 - RCRA Double composite liner and a Hanford Barrier

All of the alternatives, except no action, include institutional controls, dust control,
surface water management, wastewater treatment, transportation systems, buildings, a grout
batch plant, equipment for internal and external communications, emergency response
equipment, and personnel protection. In addition, all of the alternatives (other than no-action)
utilize the deep area-fill trench configuration, a single trench design approximately 20 m (70 ft)
deep and 300 m(1,000 ft) across. This trench configuration minimizes the footprint of the
facility. The reduced footprint of the deep area-fill design offers the following advantages in
comparison to other configurations:

• Less habitat disruption at the ERDF
• Less leachate generation
• Reduced material needs (thust reduced ecological and cultural impact on borrow--- -

areas)
a i.ower costs for the liner and barrier.

-Ustt;g the ueep area-fill cunfiguration,-the dismrbed area of the ERDF, including the
trench, stockpiling areas, roads, and supporting facilities, is estimated to be 2.6 km2 (650 acres
or 1.0 IIll) .

Acceptable soil and leachate concentrations. Acceptable soil and leachate
concentrations were developed for the contaminants identified in potential waste from the 100,
200, and 300 Areas. These concentrations will be included as part of the waste acceptance

10-1



DOE/RL-93-99, Rev. 0

criteria for ERDF waste to ensure that human and ecological exposures will be less than
acceptable standards for the foreseeable future.

The acceptable soil concentrations were based on exposure to soils due to the 500-year
drilling scenario. This scenario was determined to be a reasonable exposure scenario given the
protective measures included in the ERDF design such as active institutional controls, passive
controls, and a minimum 15-foot thick surface barrier. Based on a comparison with maximum
contaminant concentrations in 100, 200, and 300 Areas waste units, it appears that most of the
waste will meet the acceptable soil concentrations. Waste with soil concentrations that exceed
the acceptable levels will require mixing with cleaner soils to reduce concentrations to
acceptable levels. For the contaminants that may exceed acceptable levels (metals and
radionuclides) no treatment technology exists for reducing concentrations.

Acceptable leachate concentrations were developed to provide protection of
groundwater. It is likely that much of the waste received at the ERDF will achieve the leachate
criteria without treatment. If this is not the case, however, then the waste will likely require
treatment before disposal in the ERDF. For purposes of the detailed evaluation in this report, it
was assumed that the wastes would comply with the leachate criteria.

Detailed Evaluation. With the exception of no action, all of the alternatives satisfy the
two threshold CERCLA criteria: 1) overall protection of human health and the environment, and

c+, 2) compliance with ARARs. The ten alternatives were therefore evaluated against the following
- ---- --------- - ----CERCLA criteria for detaiied evaiuatiGn:

• Long-term effectiveness and permanence
• Short-term effectiveness
• Implementability
• Cost.

The criterion that includes reduction of toxicity, mobility, or volume through treatment
was not evaluated because it is not within the scope of this RI/FS. Treatment will be evaluated

--- in thesourceoperable_unitsFS-re.peits_ The-twumodifyingcriteria, state acceptanc„• and
community acceptance, will be evaluated following comments on the RI/FS and Proposed Plan
and incorporated into the record of decision (ROD).

Comparative Analysis. The results of the detailed evaluation resulted in the following
conclusions regarding the primary components of the alternatives:

Compared with the other barriers, the Hanford Barrier (Alternative 4, 7, and
10) provides the best long-term protection of human health, but at the expense
of greater impacts on the environment (due to impacts at borrow sites for
construction materials) and higher costs.

The modified Hanford barrier provides the same groundwater protection as the
Hanford Barrier, but with lower cost and less ecological impact. However,
because the modified Hanford barrier does not include the crushed basalt layer it
is less resistant to intrusion than the Hanford Barrier.

• The low-infiltration soil barrier provides the same groundwaterprotection as the
other two barriers under current climatic conditions for significantly less cost
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and ecological impact. However, under hypothetical wetter climatic conditions,
this barrier allows greater infiltration (and thus shorter vadose zone travel times)
than the other two barriers.

• Because of the low infiltration rates associated with the surface barriers,
alternatives with no liner provide similar groundwater protection as alternatives
with a liner. Furthermore, the single liner is virtually equivalent to the double
Lttei in Iermtstf_groundwater nrnte.r.tinn.

One advantage-n€ !!nedalternatives-is-that-they provide a mewns to determine the
validity of assumptions regarding leachate generation and leachate quality. If
these assumptions prove to be non-conservative, and potential groundwater
impacts are deemed unacceptable, then it would be possible to initiate corrective
action.

Given the Tri-Party Agreement objective to have the ERDF ready to receive remediation
z. r

waste by September of 1996, selection of the liner is a time-critical decision. Although the
° results provided above indicate that a liner may not provide significant benefits (given an

} effective surface barrieL tQ-preventinflatrati,on), it will providesometneasure of redunda:.cy and
facilitate confirmation of leachate generation rates and quality.

_Zr Selection of the barrier hinges to some extent on the long-term objectives of the ERDF.
If the objective is to construct a final remedy that will protect human health and the environment
for thousands of years with or without institutional controls, then the extra expense and
environtnentai impacts associated with the Hanford Barrier may be warranted. If the ERDF is
expected to be an interim solution, or an evolving facility, that will remain under institutional
controls as long as necessary, then a less expensive barrier may be more appropriate. For
example, as long as institutional controls are maintained over the ERDF and long-term average
precipitation does not increase significantly , the low-infiltration soil and modified Hanford
barriers should be just as protective as the Hanford Barrier. Since construction of the barrier
will not begin for many years (at least 10 years) selection of the barrier may be postponed until
more information is available.
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A.1

This appendix describes the modeling conducted to identify the contaminants of potential
concern (COPC) and predict the performance of the alternatives regarding future impacts on
groundwater. An analytical model is developed to predict the groundwater concentration of
each compound detected above soil background at the 100 and 300 Areas operable units. The
predicted groundwater concentration of the compound is evaluated against Hanford Site
groundwater background concentration and risk-based screening concentration. If the predicted
groundwater concentration exceeds both the Hanford Site groundwater background concentration
and the risk-based screening concentration, the compound is identified as a COPC. Those
identified COPC are further evaluated in the risk assessment to identify contaminants of concern
(COC). Groundwater concentrations for the COC are modeled for each of the disposal design
alternatives for the proposed ERDF facility. As discussed in Chapter 9, design alternatives
differ by barrier type and liner type. Performance is measured in terms of maximum risk and
travel time at the facility boundary. This appendix describes the analytical approach for
calculation of maximum constituent concentrations in groundwater and travel times to the
compliance points. Results of the simulations are also provided.

A.2 lill/Li:L 1V111Y1^AA11u1V

A.2.1 General Approach

Analytical approximations previously described in WHC (1993) are used to approximate
maximum concentrations ingroundwaterat2hc FRIDF_boundary for each constituent of interest.
This approximate approach attempts to consider all major controlling processes, while still
remaining analytically tractable. The equations described in the following sections are
implemented in a spreadsheet model. In order to evaluate system performance using the
analytical approximations described below, the following major assumptions have been made:

• The media are homogenous and isotropic with no layering.

• All input parameters are time invariant (although decay is accounted for).

• Discrete disruptive events (such as earthquakes, volcanic activity, or human
intrusion) or gradual deterioration (such as erosion) which may affect the
facility are not considered.

/^IIt_ravel_time calc::aoni assume plug flow (i.e., no longitudinal dispersion).----- ------- ----- -- - -

• No leachate leaks through the liner as long as leachate is pumped from the
trench. This period of leachate pumping is referred to as the operational
period.

• The synthetic materials in the liners are expected to deteriorate or breach
relatively rapidly and are not included in the simulated liners beyond the
operational period.

A-I
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Climatic-conditions-a.e-assutned to, remain-tlse-same-aver-the duration ofthe
simulations.

Additional-usutnptions-amiciscussed_in_suhseauent ce.r.tinns.

The model is based on travel time and it accounts for horizontal dilution in the vadose
zone an#verticai d',lution in the saturated zone. The algorithm presented below relies on a
stepwise approach to simulate migration from the waste to groundwater at the ERDF boundary.
The four points at which concentrations are computed are shown in Figure A-1. Co is the initial
leachate concentration at the bottom of the waste. C, is the maximum leachate concentration at
the base of the trench (below the liner, if present); C2 is the maximum groundwater
concentration at the water table (before mixing in the saturated zone); and C, is the maximum
groundwater concentration in the saturated zone at the facility boundary. Co is calculated based
on the waste release mechanisms discussed below. C, is then computed as a function of Co and
transport through the liner. C2 is computed as a function of C, and transport through the vadose

zone. C, is computed as a function of C, and transport in the saturated zone.

A.2.2 Source Concentration (Co)

Previous modeling using this screening approach for comparing alternative ERDF designs
incorporated waste release mechanisms appropriate for grouted and vitrified waste (WHC 1993).
These mechanisms, which include waste dissolution and diffusional release, are not addressed in
this discussion since only untreated waste is simulated.

For untreated waste, it is assumed that Co is controlled by the solubility of the
contaminant, the amount of-contamination inthe-wuste-sotly and thepartition rnrffirinnt between
water and soil for the contaminant. Assuming that the contaminant has reached equilibrium
between the soil and pore water, Co can be computed as follows:

CO -
MIN M.g 'C.' (A1)

(Kd.a. * pW

where:

Mw = concentration of contaminant in the waste (mg/kg);

Kd,w = partition coefficient between the waste and infiltrating water (L/kg);

6w = volumetric moisture content of the waste (unitless);

p„ = dry density of the waste (kg/L); and

C,d = solubility of contaminant in water (mg/L).
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This equation indicates that the concentration is controlled by the sorption equilibrium, with the
constraint that-the-conce-ntration can-never-exceed-tite solubility.

Given these assumptions, Co should decrease with time if the constituent degrades or
decays. This is a reasonable approach given the large uncertainty associated with the
radionuclide solubilities. For simplicity, the algorithm relies on the conservative assumption
that the leachate is released at time zero with no decay. Furthermore, changes in solubility due
to interactions with other waste constituents are not considered.

A.2.3 Concentration Directly Beneath the Facility (C,)

C, is computed directly as a function of Co. Assuming plug-flow movement of mass
through the liner material (i.e., no longitudinal dispersion), the following equation can be used:

M r` C1 = Coe 1e' (A-Z)

where:

..,--
k - decay coefficient (yr''), andc'.
t, travel time through liner (yr).

This equation assumes no dilution; therefore, if the contaminant does not decay, C1=Co. The
travel time through the liner, t„ is computed by dividing the liner thickness by the advective
transport velocity, and multiplying by the retardation factor:

11 I + eKdJ
- tl = ^ + t

w (A-3)iI

ITC

where:

i.i = liner thickness (m);

Yda = partition coefficient between liner material and water for contaminant (L/kg);

A = oulk density of liner material (kg/L);

IFC = infiltration rate through final cover (m/yr);

Bl = moisture content of liner material (unitless);

t,p = duration of the operational period (yr).
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This equation is based on the assumption that leachate is removed during the operational
period and that no leakage occurs through the liner during this time. After the operational
period, migration through the liner is determined by the advective transport velocity. The
advective transport velocity is the rate of migration of a contaminant front assuming plug flow
(no diffusion) and is calculated by dividing the rate of infiltration through the final cover by the
moisture content.

Previous versions of this model (WHC 1993) also accounted for diffusion through the
liner. Including diffusion through the liner could reduce the predicted constituent travel times
for liners. Therefore, excluding diffusion means that the model results may over-estimate the
benefits of liners. At the proposed ERDF site, travel time through a 1.0 in thick liner
(assuming advective transport) is approximately 8 percent of the vadose zone travel time. Given
the greater importance of vadose zone travel time, the advantage of accounting for diffusion
through the liner is not warranted. Additional reasons to ignore this mechanism include the
computational difficulties in simulating diffusion as a plug flow process and the lack of
information regarding constituent-specific diffusion coefficients.

h, ^rp

A.2.4 Concentration at the Water Table Directly Beneath the Facility (C2)
^.a

C2 is computed directly as a function of C1. Assuming plug-flow movement of mass
- ^,- -- -- -- ------ -through-the-unsaturatedzone (i.e., no :enb:* dina dispersion), the following equation can be

used:

C2 = DII.2Cte-a4

where:

DIL2 = dilution factor for unsaturated zone; and

t, = travel time through unsaturated zone (yr).

As illustrated in this equation, the contaminant concentration is affected by both decay and
dilution.

(A-4)

The dilution factor and travel time depend on the hydrogeological behavior of the
unsaturated zone. These factors are affected by the degree to which clean water infiltration
beyond the horizontal limits of the trench (and the waste) mixes with the contaminated water
infiltrating through the trench (and the waste). If we assume that there is no mixing, then the
dilution factor, DILZ, is equal to one and the travel time, t2, is computed as follows:

L. 6u 1 + P°Kdu

t2
= eU _ 4c(ltc - ;d (A-5)

IFC IFC
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where:

L„ = unsaturated zone thickness beneath the trench (m);

Kd.,, = partition coefficient between unsaturated zone soils and water (L/kg);

P. = bulk density of unsaturated zone material (kg/L); and

Ba = average moisture content of the unsaturated zone (unitless).

tic = length of time until long-term infiltration rate is achieved (yr); and

IIc = infiltration rate before fuud cover is completed (m/yr).

?:..^

The first term of Equation A-5 is the travel time if the long-term infiltration rate through the
final cover controls migration for the entire simulation. The second term of this equation
accounts for infiltration that occurs before the final cover is completed. If the interim cover
will perform similar to the final cover, this second term can be used to account for infiltration
before the interim cover is installed.

The second term of Equation A-5 is normally only relevant for unlined facilities. For
lined facilities, the infiltration before installation of the final cover will presumably be retained
bythe liner(andpumped out) and will not a.ffa.ct vadose zone migration. Elimination of the
second term can be accomplished by setting either t,c or I,c to zero.

Assuming some mixing between the contaminated infiltration and clean water infiltrating
through the unsaturated zone, the dilution factor and travel time are computed as follows:

L- w.
DII.2 _ M:°b

IFCwb+I.w,f^

and

FC

_ tIC' +C - It^
tZ -

[Ou(dm -
^) + e,(^ - d^]

[
+ PaI{

4u

l
` T.ve J ( "

a
u J IFC

where:

"FCQ'b + I.W.
Iave -

w.+w_
v a

and

I,,., = average infiltration rate through unsaturated zone (m/yr);

I. = averaee infiltration rate outside the areal extent of the waste (m/yr);

wb = upper trench width (m);

(A-6)

(A-7)

(A-8)
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d, = depth of trench (m);

dW = mixing depth (m);

d, = depth to water table (m);

w, = width of neighboring clean infiltration zone (m); and

f.g^ = mixing factor (unitless fraction between 0 and 1).

The mixing factor, fj., quantifies the degree of mixing in the vadose zone between
contaminated leachate and uncontaminated water that infiltrates outside the areal extent of the
waste. If fm;, = 0, there is no mixing; if fm;, = 1, there is complete mixing. The mixing depth
represents the point in the vadose zone where mixing occurs between contaminated infiltration
and clean infiltration. Conceptually, this depth corresponds to a lithologic contrast where
horizontal migration would likely occur. The travel time calculation assumes that the migration
rate is determined by the barrier infiltration rate above the mixing depth and by the weighted
average of the barrier and natural_infdtration rates below themixing depth_ As a result, the
travel time is reduced as the mixing depth moves closer to the bottom of the trench. In
contrast, the dilution due to mixing is the same no matter what the mixing depth. In reality,
any dilution and increased migration rates due to infiltration outside the foot print of the barrier
will likely occur in multiple increments at distinct lithologic changes. The simplified approach
utilized in this exercise is sufficient considering that the compliance point is in the saturated
zone.

A.2.5 Concentration in Groundwater at the ERDF Boundary (C3)

C3 is computed directly as a function of C2. Assuming plug-flow movement of mass
through the saturated zone (i.e., no longitudinal dispersion), the following equation can be used:

C3 = DII,3C2e-a'

where:

DIL3 = dilution factor for saturated zone; and

t3 = travel time through saturated zone (yr).

(A-9)

As illustrated in this equation, the contaminant concentration is affected by both decay
and dilution.

The dilution factor and travel time depend on the hydrogeological behavior of the
saturated zone. In particular, the dilution factor is determined by the extent that contaminated
water at the surface of the aquifer is mixed with deeper clean water. This is, to a large extent,
dependent on the assumptions made regarding the depth and pumping rate of the well through
which individuals are exposed to concentration C3. In this exercise, we assume DIL3 is
computed as follows:
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DIL3 = L" (IFC wb + I` W. f.) (A-10)
(wb+w) Kid^+LyNC wb+I. w,

where:

Lb = trench length (m);

K = hydraulic conductivity of saturated zone (m/yr);

i = hydraulic gradient of saturated zone (unitless); and

dm;,, = mixing depth in saturated zone (m), generally assumed to be a minimum well screen

length.

The travel time through the saturated zone is computed as follows:

L' °' (. P'K4')
(A 11)IIs

.Lwnere:

L, = travel distance in the saturated zone (m);

Kd, = partition coefficient between saturated zone material and water (L/kg);

p, = bulk density of saturated zone material (kg/L);

n, = effective porosity of saturated zone (unitless);

K = effective hydraulic conductivity of saturated zone (m/yr); and

i = hydraulic gradient in saturated zone (unitless).

A.2.6 Source Depletion Time

Source depletion time is defined as the period of time necessary to completely leach a
constituent out of the waste. Assuming plug-flow migration of contaminant mass through the
soil, the source depletion time, tb, can be computed as follows:

p.^Mw
^ _ ^ C (A-12)

0
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A.2.7 Exposure Assessment and Risk Characterization

Lifetime incremental cancer risk (ICR) and hazard quotient (HQ, an indicator of non-
carcinogenic toxic effects) are calculated based on concentrations of the contaminants at the
compliance point. Expressing performance in terms of risk allows combining the effects of
multiple_contaminanis into two para,nerers (ICR and HQ) and also illustrates the general
magnitude of potential health effects due to the ERDF. Risk calculations were performed using
the approach described in the Hanford Site Baseline Risk Assessment Methodology
(DOE-RL 1993) and presented in Chapter 5 of this report.

A.3 SIMULATION FOR BASE CONDITIONS SCENARIO

The base conditions scenario, described in Chapter 4, predicts groundwater concentrations
resulting from an ERDF facility with no liner and a non-engineered barrier. Chemical specific
parameters (initial concentrations, solubilities and K,'s) are provided in Chapter 4. Physical
parameters used in this scenario are provided in Tables A-1, A-2, and A-3. HELP modeling
results presented in Appendix B indicate that infiltration through a non-engineered soil barrier
would be 0.035 cm/yr (0.014 in./yr) under current climate conditions (rainfall of 18 cm/yr [7.1
in./yr])_,and 8.6cmLyr(3,4_in-/yr) under wetter-climate-conditions (rainfa]l of 40 c.:iLyr [16
in./yr]). Since future climate conditions are unknown, a conservative (compared to current

sonditions)barrier-infiltration of 0.5 can/yr (0.2 in.;yr) was used for this base conditions
scenario. Additional infiltration associated with the operational period is not included in the
base conditions scenario. The effects associated with the operational period would be minimal
considering that the operational infiltration_rate_gf 3stnlyr_(L2_in<Lyr) for _fi_ve yeare would only
shorten vadose zone travel times by 25 years (compared with a minimum vadose zone travel
time of 520 years).

The predicted concentrations are compared to background groundwater concentrations and--- - -
risk-based de minimis concentrations in Chapter 4 to reduce the list of potential contaminants
carried into Chapter 5. The predicted concentrations are then compared to risk-based and
ARAR-based screening concentrations in Chapter 5 to identify potential contaminants of
concern. Finally, the predicted concentrations are used again in Chapter 6 to conduct the base
conditions risk assessment.

Results for the base conditions scenario are presented in Tables A-4 for organic
compounds, A-5 for radionuclides, A-6 for metal constituents, and A-7 for general chemistry
constituents (primarily anions). The conservative biases in the analysis are discussed in Chapter
6.

-- ----- Aa S?'v*_iILATIONC FOR R^NMFniAL P.LTERNATNFS

This section provides predicted groundwater concentrations and associated risk estimates
for each of the remedial alternatives (except no-action) and the base conditions scenario
described in the previous section. In contrast to the simulation in Section A.3, which included
all the identified soil contaminants, simulations in this section only include_thetonstituentc of
potential concern (identifiea in Chapter 5). The simulated remedial alternatives, as well as the
liner and surface barrier parameters, are described in Chapter 9. General parameters are
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provided in Table A-1, and the constituent-specific parameters are provided in Tables 4-2
through 4-8. Barrier and liner parameters used in the simulations are presented in Tables A-2
and A-3, respectively. Note that increased infiltration during the operational time period is
included.

For the purposes of the simulations presented in this section, it was assumed that the
waste would not generate leachate concentrations that exceeded the acceptable leachate limits
described in Appendix C for a HQ of 1 and an ICR of 1x101. This was accomplished by
ensuring that the input solubility did not exceed the leachate limits. Note that the leachate limits
were calculated assuming the base conditions scenario. In addition, the risk-based criteria were
determined using the minimum risk-based concentration for the ingestion and inhalation

_ pathways. The combined_effects from bofh pathways were not included in the waste acceptance
criteria. Because the arsenic concentration that corresponds to an ICR of 10'' (4.1 x 10° mg/L)
is less than Hanford Site background (0.01 mg/L 95/95 UTL), the leachate limit for arsenic is
equal to the background concentration. Since this criterion represents background conditions,

r..,
arsenic is not included in the simulations.

L.rr

Similar to the results presented in Section A.3 for the baseline scenario, these simulations
D result in predicted groundwater concentrations. In addition, the hazard quotients (HQ) and

incremental cancer risks (ICR) associated with these concentrations are determined. The
methodologies for calculating HQs and ICRs, as well as the conversion factors, are discussed in
Chapter 6. These conversion factors account for both exposure pathways, ingestion and
inhalation; this contrasts with the methodology used to determine the acceptable leachate limits
which only includes the dominant pathway. The results presented below, which include both
current climate conditions and hypothetical wetter climate conditions, are used in Chapter 9 to
assist the detailed evaluation of long-term effectiveness for each of the alternatives.

A.4.1 Results for Current Climate Conditions

Infiltration ratesthrough-the barriers are. based on HELP modeling results provided in
Appendix B and are summarized in Chapter 9. In general, the HELP results indicate that
infiltration through all three engineered barriers is very close to zero. Given uncertainties in the
results, however, a conservatively high infiltration rate of 0.01 cm/yr (0.004 in./yr) was used
for the low-infiltration soil barrier, the modified Hanford barrier, and the Hanford Barrier.
Results for the base conditions scenario (assuming an infiltration rate of 0.5 cm/yr [0.2 in./yr])
as well as the nine alternatives are discussed below.

Base Conditions Scenario. The base conditions scenario presented in this section is the
same as in Section A.3 except only constituents of potential concern are simulated, the input
solubilities are limited by the acceptable leachate limits, and the effects of increased infiltration
during the operational time period are included. The results for the base conditions scenario
(non-engineered barrier and no liner) are provided in Table A-8. As discussed above,
acceptable leachat-e_limitswere-deteLminedusing only-the-domina,^.t-exposure p.a.hway (ingestio:.
in all-c;ases), while these results account for both pathways. As a result, some of the calculated
HQ's and ICR's for individual contaminants are slightly greater than the risk-based criteria of 1
for HQ and ix1U`' for ICR. The most significant deviation is the ICR of 1.03x10'S for uranium.

The risk drivers under this scenario are carbon-14, technetium-99, and uranium for the
ICR and all_themetals for2he-IiQ._ Summing rdsP.-results foreac#t-constio3ent results in a total
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ICR of 3x10'S. The maximum HQ is 1 for antimony. The travel time to the ERDF boundary

for all the constituents is 520 years.

No-Liner Alternatives. Because infiltration rates for the low-infiltration soil barrier, the
modified Hanford barrier, and the Hanford Barrier are predicted to be the same, the results for

Alternatives 2, 3, and 4 (provided in Table A-9) are identical. When an engineered barrier is
included in the remedial alternative, the ICRs and HQs drop by approximately two orders of
magnitude for each constituent compared to the base conditions scenario except that the ICR of
Carbon-14 drops by about three orders of magnitude. The risk drivers under this scenario are
technetium-99 and uranium for the ICR (the ICR for carbon-14 is reduced due to decay) and all
the metals except chromium (VI) for the HQ. Summing the results for each constituent results
in a total ICR of 5x10-'. The maximum HQ is 0.02 for antimony and fluoride. The travel time
to the ERDF boundary is 13,000 years. Therefore, the HQs and ICRs are zero for the 10,000-

year time period.

Single-Liner Alternatives. Because infiltration rates for the low-infiltration soil barrier,

the modified Hanford barrier, and the Hanford Barrier are the same, the results for Alternatives

5, 6, and 7 (provided in Table A-10) are identical. In comparison with the no-liner alternatives,
.`° °:--' -we ^u,yle liner uicreases travel time to the niCDr boundary in two ways:

The increased infiltration during the operational time period is assumed to be
retained by the single liner and pumped out. This adds approximately 2,200
years to the vadose zone travel time.

•_ __-The-additional travellimethrough the liner is 710 years (these travel times
include the 30 years of leachate removal).

The travel time to the ERDF boundary increases to 16,000 years. Although this
additional travel time reduces the risk for decaying contaminants, the constituents that remain
have such long half-lives that the effect is negligible. In comparison with the no-liner
alternatives, the ICRs and HQs for the single-liner alternatives are essentially the same.

Double-Liner Alternatives. _Becauseinfi[trationrates-for-the low-infiltration soil barrier,
the modified Hanford barrier, and the Hanford Barrier are the same, the results for Alternatives
8, 9, and 10 (provided in Table A-11) are identical. Due to its greater thickness, the double
liner results in a greater liner travel time compared with the single-liner alternatives. The travel
time to the ERDF boundary increases to 17,000 years (these travel times include the 30 years of
leachate removal). Although this additional travel time reduces the risk for decaying
contaminants, the constituents that remain have such long half-lives that the effect is negligible.
In comparison with the no-liner alternatives, the ICRs and maximum HQs for the double-liner
alternatives are essentially the same.

A.4.2 Results for Hypothetical Wetter Climate Conditions

These simulations provide information regarding risk and travel time if the rate of
infiltration increases due to a climate change or irrigation. Infiltration rates through the barriers
under wetter climate conditions are based on HELP modeling results for Spokane climate
(40 cm/yr [16 in/yr] of precipitation) provided in Appendix B and summarized in Chapter 9. In
general, the HELP results indicate that the wetter climate increases infiltration rates through all
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four barriers, and the non-engineered soil cover and the low-infiltration soil barrier allow more
infiltration than the modified Hanford barrier or the Hanford Barrier. These simulations use an
infiltration rate of 9 cm/yr (3.7 in/yr) for the non-engineered soil cover, 5 cm/yr (2 in./yr) for
the low-infiltratio_n_so i l_barrier, and-0.4 cm/yr(0.16 in./yr) for the modified Hanford and
Hanford barriers.

Although this rate of water application is less than that associated with a typical irrigation
rate, it turns out that the infiltration rate through the Hanford and modified Hanford barriers-- - --- -- -
does not increase as the precipitation rate increases. This is because the rate of infiltration is

---limited by the permeability of the asphait (Ix10'g cm%see). Because the low-infiltration soil
barrier has no asphalt, the rate of infiltration does increase as precipitation increases. Since risk
levels are already above CERCLA standards (see results below) the final conclusions are not
significantly affected.

It is unreasonable to assume climate changes or irrigation would occur at time zero (when
the facility is closed). Therefore, it was assumed that the infiltration rate for the first 100 years^.,._..
would be the same as She current climate acsumnrinnc (0.5 r.m/yr [0.2 in./yr] for the base
conditions scenario and 0.01 cm/yr [0.004 in./yr] for the engineered barrier alternatives). The
wet climate infiltration rates were assumed to begin at a time of 100 years. Due to limitations
of the spreadsheet model, infiltration before installation of the cover was not included in the wet
climate scenarios.

For thr ha^^e-co,^.dit:c us€sr.ario and alternatities that irciude the low inftlteation soil
barrier, the travel times are less than the travel times calculated in the simulations used to screen
constituents (see Section A.3). As a result, it was necessary to simulate the full un-screened list
-W C0.1LStitu@nls, Atrttoi_gh the ffiun list of constituents was simulated, only those constituents with- - -- -
predicted groundwater concentrations above the di-minimis values discussed in Section 4.3 and
travel times less than 10,000 years are reported below. The additional constituents include
neptunium-237, tritium (H-3), beta-BHC, chloroform, 1,2-dichloroethane, and xylenes.

Base Conditions Scenario. Results for the base conditions Scenario (no liner and a non-
engineered soil cover) under wetter conditions areprQvided-in Table A-12_ l`nmpared with
results for the base conditions scenario under current conditions (Table A-8), the greater
infl•r.ation rate under wei^er conditioris reduces the travel time to the ERDF boundary and the
amount of dilution in the saturated zone. The minimum travel time to the ERDF boundary is
reduced from 520 years to 130 years. The risk drivers for this scenario are carbon-14,
technetium-99, tritium, uranium, and beta-BHC for ICR, and all metals and anions for HQ.
Summing the results for each constituent results in a total ICR of 9x10°. The maximum HQ is
9 for antimony.

Alternative 2. Results for Alternative 2 (no liner and the low-infiltration soil barrier)
under wetter conditions are provided in Table A-13. Compared with results for Alternative 2
under current conditions (Table A-9), the greater infiltration rate under wetter conditions
reduces the travel time to the ERDF boundary and reduces the amount of dilution in the
saturated zone. The travel time to the ERDF boundary ranges from 150 (e.g., for carbon-14) to
5,400 years (e.g., for beta-BHC).

The risk drivers for this alternative are carbon-14, technetium-99, tritium, uranium, and
beta-nFC :;r ICR, and all the metals and anions for HQ. Summing the results for each
constituent results in a total ICR of 3x10°. The maximum HQ is 7 for antimony.
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Alternatives 3 and 4. Alternatives 3 (no liner and the modified Hanford barrier) and 4
(no liner and the Hanford Barrier) have exactly the same results for wetter conditions (shown in
Table A-14) since the modified Hanford and Hanford barriers have the same infiltration rates.
Compared with results for these alternatives under current conditions (Table A-9), the greater
infiltration rate under wetter conditions reduces the travel time to the ERDF boundary and
reduces the amountof_dilution in Ihe-saturated zone• The travel time to the ERDF boundary
ranges from 500 yr (e.g., for carbon-14) to 42,000 yr (e.g., for beta-BHC).

The risk drivers for these alternatives are carbon-14, technetium-99, and uranium for
ICR, and all the metals and anions for HQ. Summing the results for each constituent results in
a total ICR of 2x10'' within 10,000 years. The maximum HQ is 0.8 for antimony.

Alternative 5. Results for Alternative 5 (single liner and the low-infiltration soil barrier)
under wetter conditions are provided in Table A-15. Compared with results for Alternative 5
under current conditions (Table A-10), the greater infiltration rate under wetter conditions
reduces the travel time to the ERDF boundary and reduces the amount of dilution in the

U ' saturated zone. The travel time to the ERDF boundary is from 150 yr (e .g., for carbon-14) to
^ y 5,500 yr (e.g., for beta-BHC).r
t„^s

The risk drivers for this scenario are carbon-14, technetium-99, uranium, and beta-BHC
for ICR, and all the metals and anions for HQ. Summing the results for each constituent results
in a total ICR of 2xl0°. The maximum HQ is 7 for antimony. Due to the short source
depletion time of tritium (18 yr), the tritium was completely pumped out by the leachate
collection system in the liner before it leached out of trench.

Alternatives fattdJ. Results for plternative-s 6(single liner and the modified Hanford
barrier) and 7 (single liner and the Hanford Barrier) are shown in Table A-16. These
alternatives have exactly the same results because the modified Hanford and Hanford barriers
have the same infiltration rates. Compared with results for these alternatives under current
conditions (Table A-10), the greater infiltration rate under wetter conditions reduces the travel
time to the ERDF boundary and reduces the amount of dilution in the saturated zone.
Compared with the results for comparable no-liner alternatives (Alternatives 3 and 4) under
wetter conditions, the travel times for these alternatives are increased slightly by the presence of
the liner. The minimum travel time to the ERDF boundary for these alternatives is 520 yr.
Although this additional travel time reduces the risk for decaying contaminants, the constituents
that remain have such long half-lives that the effect is negligible. In comparison with the no-

-- Izner alternatives, !he-total-fCRs-and HQs for the single-linefakernatives are essentiaily the
same.

The risk drivers for these alternatives are carbon-14, technetium-99, and uranium for
ICR, and all the metals and anions for HQ. Summing the results for each constituent results in
a total ICR of 2x10'' within 10,000 years. The maximum HQ is 0.8 for antimony.

Alternative 8. Results for Alternatives 8 (double liner and the low infiltration soil
barrier) under wetter conditions are provided in Table A-17. These results are essentially the
same as for Alternative 5 except the travel time through the double liner is longer than the
travel time through the single liner.
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The risk drivers for this scenario are carbon-14, technetium-99, uranium, and beta-BHC
for ICR, and all the metals and anions for HQ. Summing the results for each constituent results
in a total ICR of 2x10°. The maximum HQ is 7 for antimony.

Alternatives 9 and 10. The results for Alternatives 9 and 10 are provided in Table
A-18. These alternatives have exactly the same results because the modified Hanford and
Hanford barriers have the same infiltration rates. The results are essentially the same as for
Alternatives 6 and 7 except the travel time through the double liner is longer than the travel
time through the single liner.

The risk drivers for these alternatives are carbon-14, technetium-99, and uranium for
ICR, and all the metals and anions for HQ. Summing the results for each constituent results in
a total ICR of 2x10-' within 10,000 years. The maximum HQ is 0.8 for antimony.
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Figure A-1. Locations of Compliance Points.

A-14



DOE/RL-93-99, Rev. 0

Table A-1. General Parameters Used for the ERDF Modeling.

}p g.i

wr^

„r- -

Parameter Value

Upper trench width, wb(m) 420

Lower trench w;d'u`,, w,, (rn) 300

Trench length, Lb (m) 3000

Trench depth, d, (m) 20

Distance from edge of facility to nearest trench perpendicular to
direction of groundwater flow, L. (m)

100

Average moisture content of the unsaturated zone, B„ (unitless) 0.045

Depth to water table from ground surface, do (m) 80

Vadose zone mixing depth, dm (m) 50

Width of neighboring clean infiltration zone, w, (m) 100

Vadose zone mixing factor, f,.j. 0

Effective porosity of saturated zone, n, (unitless) 0.3

Effective hydraulic conductivity of saturated zone, K(m/d) 30

Hydraulic gradient in saturated zone, i (unitless) 0.0035

Mixing depth in saturated zone, dj. (m) 5

Joil or waste dry density, p, , pW (kg/L) 1.6

Average infiltration rate outside the boundaries of the facility
(natural infiltration rate), 1, (cm/yr)

0.5 (under current climate)
9 (under wet climate)
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Table A-2. Barrier Parameters Used in the Simulations.

Current Climate Wet Climate

Infiltration rate for base condition, IFc (m/yr) 5E-3 9E-2

Infiltration rate for low infil. soil barrier, IFc (m/yr) 1E-4 5E-2

Infiltration rate for modified Hanford barrier, IFc (m/yr) 1E-4 4E-3

Infiltration rate for Hanford barrier, IFc (m/yr) 1E-4 4E-3

Initial infiltration rate, I,c (m/yr) 3E-2 5E-3
1E-4

(with barrier)

Length of time until long-term infiltration rate is
achieved, t1c (yr)

5 100
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Table A-3. Liner Parameters Used in the Simulations.

Single Liner Double Liner

Liner thickness, L, (m) 0.3 0.9

Bulk density of liner material, p, (kg/L) 1.5

Moisture content of liner material, B, (%) 22.5

Duration of operation period, t,r (yr) 30

K, adjustment factor of liner material 5
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Table A-4. Organic Compound Screening Modeling Results for the Base Conditions Scenario.

00

Organic

i Compounds

AcenaphlFhene Acetone Anthrecene Aroclor-1248 Aroclor-1254 Aroclor-1260 Benzene

Bmlk Soil Conic.= (mgAcg) 8.50E=01 2.80E+00 8.30E+00 1.OOE+01 8.40E+00 2.30E+00 1.90E-01

Partitioning C:oef.= 2.70E4. 00 O.00E+00 1.40E+01 4.40E+02 7.20E+02 2.30E+03 8.70E-02

Vedose Zone R= 9.70E4. 01 1.00E+00 4.99E+02 1.56E+04 2.56E+04 8.18E+04 4.09E+00

S eturated Zoine R= 1.54E4 01 1.00E+00 7.57E+01 2.35E+03 3.84E+03 1.23E+04 1.46E+00

Hlelf-life 1.00E+-00 1.00E+00 1.00E+01 1.00E+00 1.OOE+04 1.00E+04 1.00E+01

3ecay Rate= 6.93E--01 6.93E-01 8.93E.-02 6.93E-01 6.93E-05 8.93E-05 8.93E-02

Solubility- 3.70E+00 1.OOE+99 7.50E-02 5.OOE-02 5.OOE-02 8.OOE-02 1.80E+03

Soil/Water Partition CO= 3.12E O1 9.98E+01 4.49E-01 2.27E-02 8.89E-03 1.00E-03 1.65E+00

Leechata Conc.ICO1

_

3.12E-01 9.98E+01 7.50E-02 2.27E-02 8.89E-03 1.00E-03 1.65E+00

VedoseTravelTFme1T21= 5.24E+04 5.15E+02 2.69E+05 8.45E+06 1.38E+07 4.42E+07 2.19E+03

Vadoae Zone Dilution= 1.o0E+OTO 1.00E+00 1.00E+00 1.090E+00 1.00E+00 1.00E+00 1.00E+00

V/aterTeblelC21= 0.00E+00 9.28E-154 O.00E+00 O.00E+00 ^O.00E+00 O.00E+00 2.69E-88

Sat. Travel Teme1T31=(Vear) 1.21E +01 7.83E-01 5.92E+01 1.84E+03 3.01E+03 9.60E+03 1.15E+00

Set. Zone Dilution= 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02

ERDF Boundery1C31=Imgll) o.O0E+00 3.21E-155 o.O0E+00 O.00E+00 O.00E+00 O.00E+00 1.48E-67
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Table A-4. Organic Compound Screening' Modeling Resu9ts for the Dase Conditions Scenario.

Organic

Comipounds

Benzolal-

anthracena

IBenzolal-

pyrane

Behu01b1-

fluorenthene

BenzolSl.h,11•

perylone

Banzolkl-

Buoiranthene

Eledzoio

Acid

Eleta-BHC

tSoil Como.= (mglkg) 1.80E+00 2.70E+01 2.40E+00 3.70E+00 7. 801E-01 1.30E+00 7.80E-03

E'a rtitiodngCoef.•• 1.20E+03 2.90E+03 7.60E'+02 5.00E+02 3.3 0E+03 0.00 E+ 00 2.90E+00

NadoseZonaR- 4.27E+04 1.03E+05 2.70E'+04 1.78E+04 1.11 7EI+05 1.00E+00 1A4E+02

' uturated Zone R=• 6.40E+03 1.55E+04 4.0!5E+03 2.67E : 03 1.7 6E+04 1.OOEf+oO 1.65E+01

Half-life 1.00E+01 1.OOE+02 1.00E+01 1.00E+01 1.0OE+02 1.00 +i00 1.00E+04

DbcayRate^ 6.93E-02 6.93E-03 8.83E-02 6.93E;02 6.9 31E-03 6.93E-CIi 6.93E-05

Solubility: 5.70E-03 4.OOE-03 1.2OEi-03 2.60E^-04 5.!Ei01E-04 2.90F+03 5.00E+00
- -, , •- -

¢NWater Pairtitior r CO= 1.50E-03 9.31 E-03 3.1'6EI-03 7.40E-03 2.,:101?-04 4.621: +0 1 2.66E-03

Leachate Conc.ICOa 1.50E-03 4.OOE-03 1.20E-03 2.60E04 2.301°.-04 4.62E°-+0 1 2.6BE-03

YedoseTravellTimp1T21^ 2.30E+07 5.57E+07 1.40E+07 9.60E+06 6.34E+07 5.15EE+02 5.62E+04

Vedose Zone IDilutLon= 1.00E+0O 1.OOE+0O 1.00E +O0 1.OOE+ 00 1.00E+00 1.OOP-+OO 1.00E+00

aterTable1G21^ O.o0E+00 O.00E+00 0.00 E +00 O.OOE+00 O.O0E+00 4.31E:154 5.42E-05

Se•t.TravelTirneET 3l-lyear) 5.01E+03 1.21E+04 3.17E +03 2.09E+03 1.3 8E+04 7.83E-01 1.29E+01

Sa t. Zone Dilu tion 5.95E-02 5.95E-02 5.9 5E-02 5.95E-02 5. ME:-02 5.95E-02 5.95E-02

EIR DFBourdary1C311 =(mg/L) 0.00E+00 O.00E+00 O.OCIE+00 O.OOE+00 0.00E+00 1.49Ei-155 3.22E-08
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Table A-4. Organic Compound Screening Modeling Results for the Base Conditions Scenario.

tJ
O

Organic

Compounds

BIs12-Ethylhexyll

Phthalate

Butanone-2 Butytbenzyl-

phthaltara

Carbazole Carbon

Dissulfide

Carbon

Tatrachlotide

Chlordens.

Garnme-

Bulk Soil Conc. - (mg/kg) 3.30E+01
__^
3.90E-01

.
2.60E+00 !5.40E-02 2.00E-01 8.00E-03 1.80E-02

PanitioningCoef. - 1.50E+01 1.00E03 2.00E-O1 7.00E+00 6.30E-02 2.80E-01 8.60E+00

Vadoea Zone R - 5.34E+02 1.04E+00 8.11E+00 2.50E+02 3.24E+00 1.13E+01 3.07E+02

Saturated Zone R*. 8.10E+01 1.01E+00 2.07E+00 31.83E+01 1.34E+00 2.55E+00 4.69E+01

Half-life 1.OOE+01 1.GOE+ 06 1.00E+00 1.00E+02 1.00E+00 1.OOE+01 1.00E+01

DecayRete= 6.93E-02 8.93E-01 6.93E-01 6.93E-03 8.93E-01 6.93E-02 8.9 3E-02

Solubility^ 4.10E-02

_

3.53E+05 2.90E+00 2.20E+01 2.508+03 7.70E+02 6.40E-01

SoiUWater Partition CO- 2.20E+00 1.34E+01 1.14E+01 7.68E-03 2.19E+00 2.51E-02 2.09E-03

LeachateConc.(CO) 4.IOE-02 1.34E+01 2.90E+00 7.68E-03 2.19E+00 2.51E-02 2.09E-03

Vadoee Travei Time(T2) s 2.89E+05 5.34E+0^ 4.38E+03 1.35E+05 1.72E+03 6.08E+03 1.66E+05

VadoseZoneDilution^ 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 100E+00

WaterTable(C2) = O.00E+00 2.07E-160 O.ODE+00 O.OOE+OO O.00E+00 1.92E-185 O.00E+00

Sat. Travel Time(T3)-Iyearl 8.34E+01 7.87E-01' 1.62E+00 3.OOE+01 1.05E+00 1.99E+00 3.87E+01

Sat. Zone Dilution - 5.95E-02 5.95E-02 5.95E-0 ^ !i.95E-02 5.95E-02 5.95E-02 5.95E-02

ERDFBounde (C3) =ImgA) O.00E+00 7.14E-18:2 O.00E+00 O.00E+00 0.00E+00 8.98E-187 O.00E+00

t7
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Table A-4. Organic Compound Screening Modeling Results for the Base Conditions Scenario.

tJ

Organic

Compounds

Chloro-3-

Methylphenol, 4-

Chloroaniline, 4- Chloroforrn Chrysene DDD-4,4 DDE-4,4' DI - N -

Butllphthelate

Bulk Soil Conc.e Imglkgl 3.80E-02 6.30E+00 B.OOE-02 4.30E+01 1.10E-01 1.70E-01 5.50E+00

PartrtioningCoef. - S.OOE-02 8.10E-01 3.40E-02 3.80E+02 8.10E +01 5.00E+01 3.30E+00

Vadose Zone R^ 2.78E+00 2.98E+01 2.21E+00 1.35E+04 2.88E+03 1.78E+03 1.'18E+02

SaturetedZoneR - 1.27E+00 5.32E+00 1.18E+00 2 .03E+03 4.33E+02 2.68E+02 1.86E+01

Half-life 1.00E+00 1.00E+00 1.00E+01 1 .00E+01 1.00E+02 1.00E+02 1.0DE+00

DeceyRate= 6.93E-01 6.93E-01 6.93E-02 6.93E-02 6.93E-03 6.93E-03 6.93E-01

Solubility^ 3.90E+03 3.90E+03 8.50E+03 1.50E-03 S.OOE-02 5.50E-02 LSiDE+01

Soil/Water Partition CO- 4.86E-01 7.52E+00 1.29E+00 1.13E-01 1.36E-03 3.40E-03 L.65E+00

Laechate Conc.(CO) 4.86E-01 7.52E+00 1.29E+00 1.50E-03 1.36E-03 3.40E-03 1.65E+00

VadoaaTravelTime1T21^ 1.48E+03 1.81E+04 1.17E+03 7.30E+06 1.56E+06 9.61E+05 6.319E+04

VadoeeZoneDButione 1.00E+00 1.00E+00 1.00E+00 1 .00E+00 1.00E+00 1.00E+00 1.00E+00

WaterTable1C21- O.00E+00 O.oOE+00 9.03E-36 O .00E+00 o.OOE+00 O.00E+00 O.CWE+00

Sat.TravelTime1T31=IVeer) 9.92E-01 4.16E+00 9.25E-01 1 .59E+03 3.39E+02 2.10E+02 1.4•6E+01

Set. Zone Dilution= 5.95E-02 5.95E-02 5.95E-02 15.95E-02 5.95E-02 5.95E-02 5.95E-02

ERDPBoundary1C33e1mgA.1 O.00E+00 O.o0E+0O 5.03E-37 O .f1OE+00 O.DOE+00 O.00E+00 O.00E+00

0
0
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Table A-4. Organic Compound Screening Modeling Results for the Base Conditions Scenario.

N

Organic

Compounds

Dibenzo(a,h)

anthracene

Dibenzofuran Dichloro-

ethene-1,2

Dichloro-

benzene-1,3

Diclilnro-

benzeno-1,4

Dieldrin Diethyl

Phtheleke

Bulk Soil Conc.= (mg/kg) 1.70E+0O S.OOE-01 1.00E+00 4.80E-02 5.10E-02 2.10E-02 +22-
Partitioningoning Coaf.= 1.80E+03 5.50E+00 4.30E-02 2.90E-01 3.90 E-01 7.40E+00 3.10E-Q1

Vedo,se Zone R = 6.40E+04 1.97E+02 2.53E+00 1.13E+01 1.49E+01 2.64E+02 1.20E+01

Satuireted Zone R= 9.60E+03 3.03E+01 1.23E+00 2.55E+00 3.08:E+00 4.OSE+01 2.65E+00

Helf-Iliife 1.00E+01 1.00E+00 1.00E+01 1.00E+00 1.O^OIE+00 1.OOE+01 1.OOE+OO

Decay Rate= 6.93E-02 6.93E-01 6.93E-02 6.93E-01 6.931E-01 6.93E-02 8.93E-01

Solubility= 1.50E-03 1.00E+01 6.00E+02 6.90E+01 4.90E+O1 9.00E-02 7.60E+02

SoillWater Partition CO= 9.44E-04 9.04E-02 1.41E+01 1.51E-01 1.22E-01 2.83E-03 2.96E+ 00

Leachate Conc.(CO) 9.44E-04 9.04E-02 1.41E+01 1.51E-01 1.22E-01 2.83E-03 2.96E+ 00

Vedose Travel Tlme(T2) = 3.46E+07 1.06E+05 1.34E+03 6.08E+03 8.00E+03 1.43E+05 6.47E+ 03

Vadose Zone Dilution= 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E-FOO 1.00E+00 1.0^0E+ 00

WaterTable(C2) = O.OOE+00 O.00E+00 8.19E-40 O.OOE+OO O.00E+00 O.00E+00 O.OOE+ OO

Sat.TrevelTimeR31=(Vear) 7.52E+03 2.37E+01 9.62E-01 1.99E+00 2.41E+00 3.17E+01 2.08E+00

Sat. Zone Dilution - 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E02 5.95E-02 5.95E-02

ERDFBoundary(C3) =(mglL) O.O0E+00 O.00E+00 3.44E-41 O.00E+00 o.OOEafoO O.00E+00 O.OOE+I]D
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Table A-4. Organic Compound Sicreening Modeling Reiults for the Base Conditions Scenario.

tJ
w

Organic

Compounde

Ethylbenzene Fluorenthene Fluorene Hexanona-2 Indeno(1,2,3-

cd) pyrene

Methyl

naphthelene-2

Mathylene

Chloride

Bulk Soil Conc,= Imglkgl 3.30E-01 2.90E+00 1.70E+00 9.0^0E-03 1.60E+00 1.30E+01 4.50E+00

Partitioning Coef.= 1.60E-01 6.60E+01 5.00 E+00 1.30E-01 2.00E+01 8.50E+00 3.70E-02

Vadose xone R= 6.69E+00 2.35E+03 1.79 E+02 5.62E+00 7.12E+02 3.03E+02 2.32E+00

Saturated Zone R= 1.65E+00 3.53E+02 2.77 E+01 1.69E+00 1.OgE+02 4.63E+01 1.20E+00

Half-life 1.oOE+00 1.00E+01 1.00 E+00 1.OOiE+00 1.OOE+01 1.00E+00 1.00E+00

Decay Rte= 6.93E-01 8.93E-02 6.93 E-01 6.9:3E-01 6.93E-02 6.93E-01 6.93E-01

Solubility= 1.40E+02 2.75E-01 1.40 E+00 3.50E+04 6.20E-02 2.50E+01 2.00E+04

SoillWater Partition C0= 1.75E +00 4.39E-02 3.38E-01 5.6:3E-02 7.99E-02 1.52E+00 6.91E+01

Leachete Conc.ICO1 1.75E+00 4.39E-02 3.38E-01 5.89E-02 6.20E-02 1.52E+00 6.91E+01

VadoseTravelTime(T2) = 3.59E +03 1.27E+08 9.65E+04 3.01E+03 3.85E+05 1.64E+05 1.23E+03

Vadoee 2one Dilution= 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 i.00E+00

WeterTeblelC21= 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 O.00E+00 O.00E+00

Sat. Travel Tima1T31=(Year) 1.45E+00 2.76E+02 2.17E+01 1.33E+00 8.43E+01 3.63E+01 9.37E-01

Sat. Zone, Dilution= 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02

ERDFBounderylC31=(mglL) 0.00E+00 0.00E+00 O.00E+00 0.00E+00 O.OOE+00 0.00E+00 O.00E+00

Cy
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Table A-4. Organic Compound Screelningi Modeling Resultsl for the Base Conditions Scenario.

A

Organic

Compounde'

Mlethoxychlor Methl14

2-Penteno me, 4•

wlethyAphenol-4 N•Nitrosa-

diphenylamine

Naphthalene Pentachloro-

phenol

Phenanthrene

Bulk Soil Conc.= Imj1Mg1 8.30E-02 1.10E-1192 1.00E+00 1.80E+00 4.10E+00 1.50E+00 3.90E+00

Partitioning Coef.= ' 2.50E+01 !S.OOE•1 192 3.Ei0E-01 1.20E+Ob 1.40E+00 3.50E+00 2.30E+01

VadoseZoneRm ' 19.90E+02 2L78E+ 00 1.34E+01 4.37E+09 5.08E+01 1.25E+02 8.19E+02

Saturated Zone R= ' 1.34E+02 1 .27E+ 00 2.8'7E+00 7.40E+00 8.47E+00 1.97E+01 1.24E+02

Half-life 1.00E+01 1 .00E+ 00 1.00E+00 1.00E+00 1.00E+00 1.00E+01 1.00E+01

DeceyRete^ 6.93E-02 6.93E-01 6.9 3E-01 6.93E-01 6.93E-01 6.93E-02 6.93E-02

Solubility= 2.00E-02 1.70E+04 1.90E+04 3.50E+01 2.20E+01 1.70E+01 1.10E+00

Soil/Water Partition CA= 3.32E-03 11.41 E-01 2.64E+00 1.47E+013 2.87E+00 4.25E-01 1.69E-01

LeachateConc.(C0) 3.32E-03 11.41E-01 2.64E+00 1.47E+00 2.87E+00 4.25E-01 1.69E-01

VedoseTrevelTime1121= 4.81E+05 1 .48E+ 03 7.24E+03 2.36E+04 2.74E+04 6.77E+04 4.42E+05

Vadose Zone Dilutione 1.00E+00 1.00E+00 1.00E+00 1.00E+01) 1.oOE+00 1.00E+00 1.oOE+00

WaterTeble(C2) = O.00E+00 0.00E+00 0.00E+00 O.o0E+0O O.00E+00 O.00E+00 0.00E+00

Set. Travel Time(T31-(yearl 1.05E+02 9.92E-01 2.24E+tM 5.79E+00 6.63E+00 1.54E+01 9.68E+01

Sat. Zone Dilution - S.95E-02 5.95E-02 5.9 5E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02

ERDF Boundery(C3) =(mglL) @.00E+00 o.0C1E+00 O.OCIE+00 O.00E+00 O.00E+00 CI.oOE+00 0.00E+00

0
0

w
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Table A-4. Organic Compound Screening Modeling Results for the Base Conditions Scenario.

^

Organic

Compounds

Phenol Pyrene T,etre-

chloroexhene

Tetrachloro-

ethana -1,1,12,2

Toluene Trichloro-

etheMe

Trichoro-

9e(hene-1,1,1

Bulk Soil Conc.= (mglkg)

_

2.40E-0 1 1.20E+01 1.1OE+00 3.00E-03 1.50E-01 3.90E`01 B.OOE-03

PartitioningCoef. - 6.50E-C12 1.20E+01 2.20E-01 7.9 1D E-02 1.80E-01 1.t0E-01 1.30E-01

Vadose Zone R- 3.31E+00 4.28E+02 8.82E+0o 3.81E+00 7.40E+00 4.91E+00 5.62E+00

SeturatedZoneR= 1.35E+100 6.50E+01 2.19 E k00 1.42E+00 1.96E+00 1 .59E+ 00 1 1 .69E+00 7

Helf-life 1.090E+ 00 1.OOE+02 1.OO E *01 1.00E+00 1.OOE+OO 11.OOEii01 11.00E+01

UeceyRete= 6.93E-01 6.93E-03 6.9 3E-02 6.93E-01 6.93E-01 6.93E-b2 6.93E-02

$olubility= 8.20E+04 1.40E-01 8.30E402 3.10E+03 5.20E+02 1I.10E+103 1 .70E+03

EGOiUWaterPartitionCO= 2.58E+00 9.98E-01 4.43E+00 2.BOE-02 7.21E-01 2.82E+00 3.79E-02

4eecheteConc.(C0) 2.58E+ 00 1.40E-01 4.43E+00 2.80E-02 7.21E-01 2 .82E+ 00 3.79E-02

1NadoseTrevelTime(T2) ^ 1.76E+03 2.31E+05 4.74 E ±03 2.03E+03 3.97E+03 2 .63E+ 03 31.01E+03

Vadose Zone Dilution- 1.00E+00 1.00E+00 1.OCIE +00 1.00E+00 1.0OE+00 1 .O0E+ 00 1.00E+00

Weter TeblelC21= O.00E+00 O.OOE+OO 9.741E- 143 0.00E+00 O.00E+00 2.35E- 79 8.69E-93

Set.TravelTime1T31=IYearl 1.05E+00 5.09E+01 1.70 E-4-00 1.11E+00 1.53E+00 1 .24E+ 00 1.33E+00

Sat. Zone Dilution= 5.95E-02 5.95E-02 5.9'SE -02 5.95E-02 5.95E-02 5.95E-0 2 5.95E-02

ERDFBoundarylC31=(mg/L) O.00E+00 O.OOE+00 5.15E-144 O.00E+00 O.OOE+00 1.28E-80 4.71E-94

d
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Table A-4. Organic Compound Screening Modeling Results for the Base Conditions Scenario.

Organic

Compounds

Viny1

Chloride

Mylenee

(total)

Bulk Soil Conc.= Imglkgl 2.40E-02 1. 10E+00

Partitioning Coef. - 5.60E-02 5.70E-02

Vadose Zone R= 2.99E+00 3.03E+00

Saturated Zone R= 1.30E+00 1.30E+00

Half-life 1.00E+01 1.00E+01

DecayRate= 6.93E-02 6. 93E-02

Solubility= 1.90E+03 1.50E+02

SoillWeter Partition C0= 2.85E-01 1.29E+01

Leachata Conc.(CO) 2.95E-01 1.29E+01

VadoaeTravel Tfine(T2) = 1.59E+03 1.6 1E+03

Vadose Zone Dilution= 1.00E+00 1.00E+00

Water Teble1C21= 3.85E-49 4. 61 E-48

Sat. Travel Time1T31=IYeerl 1.02E+00 1.02E+00

Set. Zone Dilution= 5.95E-02 5:95E-02

ERDF Boundary1C31=(mg/L) 2.13E-50 2.J55E-49

C
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Table A-5. Radionk/clide Screening Modeling Results for the Base ColnditionsScenarid,

Radionuclides Amedcium-241 Barium-140 Berylllum-7 Carbon-14 Cefium-141 Cedum-144 Cealum-134

Bulk Soil Cono.= (pCi/g) 3.40E+01 . 4.OOE+02 9.00E+01 6.40E+02 3.00E+00 S.OOE-01 S.BOE+01

Bulk Soil Conc.= ( pCi/kg) 3.40E+04, 4.OOE+05 9.OOE+04 6.40E+05 3.00E+021 S.OOE+02 5.i60E+04

PenitioningCoef.= 2.00E+02: 2.50E+01 2.00E+01 O.00E+00 2.00E+02 2.00E+0 2 5.00E+01

VadoseZoneR= 7.11E+03 8.90E+02 7.12E+02 1.OOE+0O 7.^11E+031 7.11E+013 11.78E+03

Saturated Zone R= 1.07E+03 1.34E+02 1.08E+02 1.00E+00 1.1)7E+031 1.07E+03 2.168E+02

Half-life(Veers) 4.32E+02 3.SOE-02 1.46E-01 5.73E+03 8;90E-02 7.78E-01 2:O6E+00

DecayRate= 1.60E-03 1.98E+01 4.74E+00 1.21E-04 7.78E+00 891E-01 3.36E-01

Solubility =(mg/L) 1.00E+00 1.00E+00 1.00E+00 3.00E+01 1.f)0E+03 1.OOE+0 3 t.rt)DE+03

Specific Activity =(TBq/g) 1.27E-01 2.71E+03 1.29E+04 1.65E-01 1. 5E+03 1.18E+0 2 4:79E+01

Solubility=(pCl/L) 3.43E+09 7.32E+13 3.48E+14 1.34E+11 2.84E+16 3.19E+1 5 1.29E+15

Soil/Water Partition CCt= 1.70E+02 1.60E+04 4.49E+03 2.28E+07 1 a0E+01 2.50E+00 1.112E+03

LeacheteConc.(CO)= 1.70E+02 1.60E+04 4.49E+03 2.28E+07 1.i0E+01 2.50E+00 1.11 2E+03

VadoseTravelTime(T29= 3.84E+06 4.81E+05 3.85E+05 5.15E+02 3.114E+06 3.84E+0 6 9.1E11E+05

Vadose Zone Dilution= 1.00E+00 1.00E+00 1.OOE+00 1.00E+00 1.C1OE+00 1.00E+0 0 1.I:I0E+00

WaterTeble(C2)= O.00E+00 O.CIOE+00 O.00E+00 2.14E+07 O.00E+00 O.OOE+OD 0.CIOE+00

Set.TrevelTime(T3)=(year) 8.36E+02 1.05E+02 8.43E+01 7.83E-01 8.36E+02 8.36E+0 2 2.10E+02

Sat. Zone Dilution. 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5:95E-02 5.95E-02 5.95E-02

ERDFBoundary(C3)=(FCi4) ^D.OOE+00 O.00E+00 O.00E+00 1.27E+06 0.0OE+00 O.00E+00 O.00E+00

0
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Table A-5. Radionuclide Screening Modeling Results for the Base Conditions Scenario.

00

Radionuclides Cesium.137 Chromium-51 Cobalt-58 Cobalt-6Ci Europlum-152 Europlum-154 Europium-155

Bulk Soil Conc.= (pCi/g) 1.10E+05 3.47E+00 1.41E+01 1.10E+04 2.90E+04 9.20E+03 9.60E+^03

Bulk Soil Conc.- (pCiAcg) 1.10E+08 3.47E+03 1.41E+04 1.1' 0E+0'7 2.90E+07 9.20E+06 9.60E+06

Partitioning Coef.>. 5.00E+-01 O.O^0E+00 5.00E+01 5Ai0E+0 1 2.00E+02 2.OOE+02 2.00E+02

Vedose Zone R= 1.78E+03 1.OOE+00 1.78E+03 1.7 8E+0:3 7.11E+03 7.11E+03 7.11E+i03

Saturated Zone R- 2.68E+02 1.00E+00 2.68E+02 2.6 8E+0 2 1.07E+03 1.07E+03 1.07E+03

Half-life lyeersl 3.02E i01 7.59E-02 1.94E-01 5.27E+00 1.36E+01 8.80E+00 4.98E+00

DeceyRete= 2.30E-02 9.13E+00 3.57E+00 1:32E-01 5.10E-02 7.88E-02 1.40E-01

Solubility = Img/L) 1.00E+03 2.50E+01 2.50E+01 2.50E+0'I 1.00E+03 1.OOE+03 1.00E+03

Specific Activity - (TBq/g) 3.22E+00 3.42E+03 3.20E+04 4.1 8E+o'I 1.70E+02 2.60E+02 4.60E+02

Solubility=IpCI/L) 8.69E+13 2.31E+15 2.16E+16 2.82E+13 4.59E+15 7.02E+15 1.24E+16

Soil/Weter Partition CO.. 2.20E+06 1.23E+05 2.82E+02 2.20E+05 1.45E+05 4.60E+04 4.80E+174

LeachateConc.lCOl® 2.20E+06 1.23E+05 2.82E+02 2.20E+05 1.45E+05 4.60E+04 4.80E+04

VedoseTrevelTime1T21 9.61E+05 5.15E+02 9.61E+05 9.61E+OS 3.84E+06 3.84E+06 3.84E+06

Vadose Zone Dilution= 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+130

WaterTeb1e1C21e O.00E+00 O.Ot)0E+00 O.00E+00 0.ODE+00 O.00E+00 O.00E+00 O.OOE+fb

Sat. Travel Time1T31=(yeer) 2.10E+02 7.83E-01 2.10E+02 2.1^DE+02 8.36E+02 8.36E+02 8.36E+02

Sat. Zone Dilution - 5.95E-02 5.95E-02 5.95E-02 5°15E-02 5.95E-02 5.95E-02 5.95E-02

ERDF Boundery(C3) =(pCi/L) O.00E+00 0.O0E+00 O.00E+00 0.00E+00 CI.OOE+00 CI.OOE+00 O.00E+00

0
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Table A-5. Radionuclide Screening Modeling Fiesiiits for the Base Conditions Scenario.

^

Radionuclides Iron -59 Manganese-54 Neptunium-2^37 Nickel-83 Plutonium-238 Pl utodum-239/240 Potaecium-40

Bulk:SoilConc.=(pCi/g) 1.O0EE+00 7.OOE-02 6.86E-03 6.20E+04 1.40E+02 2.801°+03 3.30E+01

Butk. Soil Conc.= (pCilkg) 1.OOEi+03 7.OOE+01 6.86E+00 6.20E+07 1.40E+05 2.8OE+06 3.30E+04

Part itioning Coef.= 1 5.OOEi+01 S.OOE+01 2.00E+00 2.30E+01 6.30E+01 6.301E+01 5,-00E+00

Ved ose Zone R=

_

1.78Ei+03 1.78E+03 7.21E+01 8.19E+02 2.24E+03 2. 4E+03 1.79E+02

Saturated Zone R= 2.68E.+02 2.68E+02 1.17E+01 1.24E+02 3.37E+02 3.37E+02 2.77E+01

Helf-life (years) 1.221E-01 8.60E-01 2.14E+06 1.00E+02 8.78E+01 2.4 1Ei+04 1.28E+09

Decay Rete= 5.67E+00 8.06E-01 3.24E-07. 6.93E-03 7.89E-03 2:88E-05 5.42E-10

Solu bility =(mgA-) 1.00EI+00 1.00E+00 2.50E+01 2.50E+01 1.00E+00 1.OOEE+00 11.20E-01

Specific Activity = ETBq/gll 1.84E +03 2.86E+02 2.61E-05 2.19E+00 6.34E-01 2.30E-03 ir.00E-O6

Solubility=IpCi/LI 4.97E.+13 7.72E+12 1.76E+07 1.48E+12 1.71E+10 8.21E+07 2.27E+04

Soil/Weter Partition CO- 2.00E +01 1.40E+00 3.38E+00 2.69E+06 2.22E+03 4.44E+04 6 .56E+03

LeechateConc.IC01= 2.00E +01 1.40E+00 3.38E+00 2.69E+06 2.22E+03 4.44E+04 6 ,56E+03

VadoseTrevelTime1T21= 9.61E +05 9.61E+05 3.89E+04 4.42E+05 1.21E+06 1.2,1E+06 9 .65E+04

Vadose Zone Dilution= 1.00E +00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1..00E+00

WeterTable1C21= 0.0OE+00 0.00E+00 3.34E+00 O.00E+00 O.OOE+00 3.41E-11 6..56E+03

Sat. Travel Time1T31=(Vear) 2.10E+02 2.10E+02 9.13E+00 9.68E+01 2.64E+02 2.6 4E+02 2,.17E+01

Set. Zone Dilution= 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02

ERDF Boundary1C31=IpCiM1.l 0.00E+00 0.00E+00 1.99E-01 O.OOE+00 O.00E+00 2.171E-12 3.90E+02
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Table A-5. Radionuclide Screening Modeling Resullts for the Base Conditionis Scenario.

O

Radionuclides Radi4m-226 Ruthenium-103 Ruthenium-108 Sodlum-22 Strontium-90 Technetlum-99 Thodum-228

BulkSoilC onc,,.(pCi/g) 1626 E+01 1.00E+00 8.00E-01 9.91E+00 2.00E+03 1.10E+00 1.68E+01

Bulk Soil C onc .= ( pCiAcgl 4-28E+04 1.00E+03 8.00E+02 9.91E+03 2.OOE+06 1JOE+03 1.68E+04

Partitioning Coef-= 2.00E+01 2.OOE+01 2.00E+01

_

^ 4.00E+00 1.80E+01 O.00E+00 5.00E+01

VadoseZoneR = 7.12 E+02 7.12E+02 7 .12E+02 1.43E+02 6A1E+02 1.00E+00 1.78E+03

Saturated 7Cone R= 11.08 E+02 1.08E+02 1.08E+02 2.23E+01 9.70E+01 1.00E+00 2.68E+02

Half-lifelyeerel 1 1 .60E+03 1.08E-01 1.01E+00 2.60E+00 2.86E+01 2.13E+05 1.91E+00

DecayRete = 4-3 3E-04 6.42E+00 fi.87E-01 2.67E-01 2.42E-02 3.25E-06 3.63E-01

Solubility == ImiglLl 11 .00 E+03 1.00E+03 1'.00E+03 1.OOE+03 2.50E+01 1.00E+03 1.00E+00

Specific ActMty - (TBq/g) 3.813E-02 1.19E+03 1:.24E+02 _ 2.31E+02 5.05E+00 6.30E-04 3.03E+01

Solubility=IpCi/LI 9-88E+11 3.21E+16 3:.35E+15 6.24E+15 3.41E+12 1.70E+10 8.19E+11

Soil/Weterl PartiitionCO - 2.14£+03 4.99E+01 3!.99E+01 _2-46E+03 1.11E+05 3.91E+04 3.36E+02

LeachateCo no. IC01- 2.14E+03 4.99E+01 3 !.99E+01 2.46E+03 1.11E+05 3.91E+04 3.36E+02

VadoseTra vel'nme1T21^ 3.85E+05 3.85E+05 3!.85E+05 7.73E+04 3.46E+05 5.15E+02 9.61E+05

Vedose Zone Dilution- 1.00E+00 1.00E+00 1..00E+00 1.00E+00 1.OOE+00 i.00E+00 1.00E+00

WaterTebhrIC21= 9.6BE-70 O.00E+00 0:.00E+00 0.00E+00 0.00E+00 3.90E+04 o.0OE+00

Set. Travel TimeIT31 =(Veer) 8.431E+01 8.43E+01 8..43E+01 1.75E+01 7.59E+01 7.83E-01 2.10E+02

Set. Zone Dilution ^ 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02

ERDFBounderylC31=IPCi/LI 5.55E-71 O.o0E+00 0.00E+00 1D.00E+00 0.00E+00 2.32E+03 O.00E+00
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Table A-5. Radionuclide Screening Modeling Results for the Bawe Conditions Scenario.

^..

Radionuclides Thoriurn-232 Thodum-234 Tdtium Total Uranium U-233/234 Uranium-235 Uraniium-238

Bulk S il Conc.. ( p Ci/gl 3.55Q +010 1.00E+00 2.90E+04 2.00E+04 110E+03 8.38E+02 8.141E+03

Bulk Soil Conc.= (pCi/kg) 3.55F; +0:3 1.CIOE+03 2.90E+07 2.0(IE+07 2.76 E+oB 8.38E+05 9.14E+06

Pertitio ningCoef.= 5.00E+01 5.OOE+01 0.00E+00 0.00E+ 00 ' O. (IE+CtO Ct.OOE+00 0.00E+00

Vadosa Zone R= 1.78E +08 1.78E+03 1.00E+00 1.OOE+ bO 1.O0E+00 1.00E+00 1.00E+00

Saturat ed Zone R= 2.68E +0 2 2.68E+02 1.00E+00 1.OOE+ bO 1.00E+00 1.00E+00 1.00E+00

Half-lif e (years) 1.41E +1 0 8.60E-02 1.23E+01 4.47E+ b9 2J45E+05 7.04E+08 4.47'E+09

Decay Rate= 4.92E-11 1.05E+01 5.64E-02 1.55E-10 2:83E-06 9.85E-10 1.55E-10

Solubility =(mg/L) , 1.00E +00 1.00E+00 2.70E+05 2.50E+01 1 ,43E-03 1.8(IE-01 2.48E+01

Specifi r.Activity=I (TBq/g) 4.05E-09 8.56E+02 3.57E+02 2.63E-0 8 2 .31E-04 B.OOE-08 1.24E-08

Solubili ty=(pCi/L) 1.098+02 2.31E+13 2.60E+18 1.78E+^04 8.89E+03 3.89E+02 8.31E+03

Soil/Water Partition COt 7.09E +01 1 2.00E+01 1.03E+09 7.12E+108 7.47E+07 2.27E+07 3.25E+08

Leacha¢eConc.ICOI= 7.09E+011 2.OOE+01 1.03E+09 1.78E+04 849E+03 3.89E+02 8.31E+03

Vadose TravelTime (T21= 9.61E'+05 9.61E+05 5.15E+02 5.15E+0 2 5A 5E+02 5.15E+02 5.15E+02

Vadose Zone Dilution- 1.00E +0C1 1.0^0E+00 1.0OE+00 1.00E+ 00 1.00E+00 1.00E+00 1.00 E+ 00

WaterTable(C21= 7.09E'+01 O.CICIE+00 2.57E-04 1.77E+ 04 8.87E+03 3.89E+02 8.31E+03

Set. Tra vel Time(T3 ) =(Year) 2.10E+02 2.10E+02 7.83E-01 7.83E-0 1 7;83E-01 7.83E-01 7.83E-01

Sat. Zo ne Dilution= 5.95E:-o2 5.95E-02 5.95E-02 5.95E-012 5.95E-02 5.95E-02 5.95E-02

ERDFBoundary(C3) =(pCi/L) 4.21E+00 O.00E+00 1.48E-05 1.06E+ 03 5.28E+02 2.31E+01 4.94E+02
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Table A-5. Radionuclide Screening Modeling Results for the Base Conditions Scenario.

Radionuclides Zino-65 Lrconium-95

Bulk Soil Conc. - (pCi/gl 3.00E-01 5.60E-01

Bulk Soil Conc.= (pClMg) 3.OOE+02 5.60 E+02

Partitioning CoeL= 2.30iE+01 3.50 E+01

Vadose Zone R. 8.191E+02 1.25 E+03

Saturated Zone R- 1.241E+02 1.881E+02

Half-life (yeers) 8.6fi1E-01 1.75E-01

DeceyRetee 1.041E+00 3.95E+00

Solubility e (mg/L) 2.501E +01 1.OOE+00

Specific Activity = (TBq/g) 3.051E+02 7.95E+02

Solubiliry=(pCi/L) 2.061?+14 2.15E+13

Soll/Water Partition CO- 1.30E+01 1.60E+01

Leachate Conc.(C0) - 1.301?+01 1.60E+01

Vadose Travel Time(T2) ^ 4.421?+05 8.73E+05

Vadoee Zone Dilution ^ 1.00E:+00 1.00E+00

Water Table(C2) - 0.00E:+00 0.00E+00

Set. Travel Time(T3) =(Yeer) 9.68Ei+O1 1.47E+02

Set. Zone Dilution- 5.95E-02 5.95E-02

ERDF Boundery(C3) a(pCi/L) O.OOE +00 O.OOE +00

0
0
[rl

^b
w

^o

to

0



^ ^1 ,ar_i^j.^ 3..,_

Table A-6. Metal Screening Modeling Results for the Base Conditions Scenario.

w
w

hAet6la Aluminum Antilmony Arsenic Barium Beryllium Cadmlum Calcium ChromiumrV l Cob^elt

B'ulk l Soil Conc.- (mg/kg) 7.84Ei+04 1.86^E +01 6.22E+01 4.26E+03 4.70E+00 2.85E+01 9.53EA,04 2.51E+0 3 9.04E+01

PartitioningCoef.= 2.Ot)OEi+O1 0.0O E +00 CI.OOE+C)D 5A0E+01 2.00E+01 2 .30E+01 1.S0E+01 O.OOE+OD 3.00E+01

Vad6seZoneR= ^7.12Ef+02 1.OO E +00 1.o0E+C10 1.78E+03 7.12E+02 8 .19E+02 5.34E+02 1.CIOE+00 1.07E+03

S atuFetedZoneR e 1.08EI+02 1.00 E +00 1.00E+C10 2.68E+02 1.08E+02 1 .24E+02 8.10E4-01 1.0OE+00 1.81E+02

Decay Rate= O.OOEI+00 0.00 E +00 0.OOE+0O O.00E+00 0.00E+00 CI.OOE+00 O.OOE+00 0.OOE+00 0.00E+00

Solubility =(mgft.) 1.OOE',+00 1.OOE+03 1.OOE+03 1.00E+00 1.00E+00 250E+01 2.50E+01 1.00E+03 2.50E+01

S oil MaterPartitio nCO= 3.91E+03 6.61E+02 2.21E+03 8.52E+01 2.35E-01 / L24E+00 6.34E+03 B.92E+04 3.01E+00

LaaclheteConc.(CO)= 1.0OE+00 6.61E+02 1.0OE+03 1.00E+00 2.35E-01 L24E+00 2.50E+01 1.OOE+C13 3.01E+00

VedaseTravelTime(T2) = 3.85E+05 5.15E+02 5.15E+02 9.81E+05 3.85E+05 4.42E+05 2.89E+05 5.15E+C12 5.77E+05

Vado se Zone Dilution= 1.00E+00 1.OOIE+00 1.00E+0O 1.00E+00 1.0OE+00 1 10CIE+00 1.00E+O0 1.00E+00 1.00E+00

W'ete rTable(C2) = 1.0^0E+00 6.611E+02 1.00E+03 1.00E+00 2.35E-01 1,24E+00 2.50E+01 1.00E+03 3.01E+00

Sat. TravelTime(T3) =(Year) '8.43E+01 7.831E-01 7.83E-0'I 2.10E+02 8.43E+01 9<68E+01 8.34E+01 7.83E-01 1.26E+02

at. Zone Dilution= 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-0 2 '^ 5.95E-02_

ERDFBoundery(C3)=(m ILI 5.95E-02 3.93E+01 5.95E+01 5.95E-02 1.40E-02 7.36E-02 1.49E+00 5.95E+0^1 1.79E-C11
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Table A-6. Metal Screening Mcfdellinlg Results for the Base Conditions Scenario.

w
^

Metds

-

Copper

-

Iron Lead

-

Nlegnebium Manganese Mercury Nickel Potassium Sslenium

Bulk Soil Cone.= ( mglk8 ) 9.53E+04 1-614E+05 7.47E+02 5 .00E+04 3.05E+03 3.70E+01 1.75E+03 1.30E+04 1.11E+01

Partitioning Coef.= 2.30E+01 3.60E+01 3.00E+011 2'..00E+01 3.50E+01 3.00E+01 2.30E+01 4-O0E+00 O.00E+00

Vadose Zone R= 8.19E+02 1.25E+03 1.07E+03 7 .12E+02 1.25E+03 1.07E+03 8.19E+02 1.43E+02 1.00E+00

Saturated Zone R= 1.24E+02 1.88E+02 1.61E+02 1.08E +02 1.88E+02 1.61E+02 1.24E+02 2.23E+01 1.OOE+00

Decay Rate= O.00E+00 0.O0E+00 O.00E+00 O.00E +00 O.00E+00 O.OOE+00 O.00E+00 O.O0E+00 O.00E+00

Solubility - lmg/L)

_

2.50E+01 1AbE+00 1.00E+00 2.50E+01 1.0^0E+00 1.00E+00 2.50E+01 1.00E+03 1.00E+03

Soil/WeterPanitionCO=' 4-14E+03 5.25E+03 2.49E+01 2 .50E+ 03 8.71E+01 1.23E+00 7.60E+01 3.23E+b3 3.95E+02

Leachate Conc.(C0)=

_

2.50E+01 1.00E+00 1.00E+00 2 .50E +01 1.00E+00 1.00E+00 2.50E+01 1.00E+03 3.95E+02

Vedose Travel Tima1T21•• 4.42E+05 6.73E+05 5.77E+05 3 .85E +05 6.73E+05 5.77E+05 4.42E+05 7.73E+04 5.15E+02

Vedose Zone Dilution= 1.00E+00 1.00E+00 1.00E+00 1 .00E+ 00 1.00E+00 1.OOE+00 1.00E+00 1.00E+00 1.O0E+00

Water Table(C2)= 2.50E+01 1.00E+00 1.00E+00, 2 .50E+ 01 1.00E+00 1.00E+00 2.50E+01 1.00E+03 3-95E+02

Sat.TravelTimelT3)=IYeer) 9.68E+01 1.47E+02 1.26E+02 8 .43Ei•01 1.47E+02 1.26E+02 9.68E+01 1.75E+01 7.83E-01

Set. Zone Dilution=

_

5-95E-02 5^15E-02 5.95E-02 ',i.95E-02 5.95E-02 5.95E-02 5.95E-02 5.95E-02 5.9tE-02

ERDFBounderylC3)=lmtl^Ll - 1.49E+00 5.95E-02 5.95E-02 1.49E^-00 5.95E-02 5.95E-02 1.49E+00 5.95E+01 2.35E+01
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Table A-6. Metal Screening Modeling Reslults for the Base Conditions Scenario.

Metals Silver Sodium Stro ntium Thalllum Vanadium Zinc

Bulk Soil Cona.= (mg/kg) 3.62E+02 2.61E+03 EI.10 E+01 5.40E+00 3.89E+02 8.16E+03

Partitioning Coef.= :!.SOE+01 3.00E+00 11.80E+01 5.00E+01 5.0OE+01 2.30E+01

Vadose Zone Ra 91.90E+02 1.OSE+02 6 .411E+02 1.78E+03 1.78E+03 8.19E+02

Saturated Zone R= 1.34E+02 1.70E+01 9 .70E+01 2.68E+02 2.68E+-02 1.24E+02

DeceyRetee CLOOE+00 0.00E+00 O .O0E+00 O.00E+00 O.OOE+-00 O.00E+00

Solubility - (mg/L) 2.50E+01 1.OOE+03 21.5C1E+01 1.00E+00 2.50E+-O1 2.50E+01

Soil/Water Partition C0. 1.45E+01 8.82E+02 1 .721+00 1.OSE-01 7.78E+-00 1.34E+02

Leechete Conc.IC01= 1.45E+01 8.62E+02 1 .72 E+00 1.08E-01 7.78E+00 2.50E+01

VedoseTrevelTime(T2) a 4.81E+05 5.81E+04 3_46 E+05 9.81E+05 9.61E+- 05 4.42E+05

Vadose Zone Dilution- 1.OOE+00 1.00E+00 1 .OC'E+00 1.00E+00 1.0OE+00 1.00E+00

Water Table1C21: 1.45E+01 8.62E +02 1.72E+00 1 A8E-01 7.78E+00 2.50E+01

Set. Travel Tlme(T3) -(Yearl 1.OSE+02 1.33E+01 7.59E+01 2.10E+02 2-10E+02 9.68E+01

Sat. Zone Dilution= !i.95E-02 5.95E-02 S.95E-02 5.95E-02 5-95E-02 5.95E-02

ERDF Boundary1C3)-(mg/LI 8.60E-01 5.13E+01 1.02E-01 6.42E-03 4.62E-01 1.49E+00
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Table A-7. General Chemistry Screening Modeling Results for the Base Conditions Scenario.

General Chemistry Parametere Ammonia Fluoride Nlitrite Sulfate

Bulk Soil Conc.a ( mg/kg) 1.38E+02 4.03E+01 2.90E+00 7.12E+03

PartltioningCaef. - 4.OOE+00 O.00E+00 0.00E+00 0.00E+00

Vadlose Zone R^ 1.43E+02 1.00E+00 1.O0E+00 1.OOE+00

Sat urated Zon n R- 2.23E+01 1.00E+00 1.00E+00 1.00E+00

Dec:ayRete= O.OOE+OO O.00E+00 0.O0E+00 O.OOE+00

Sol ubility= 1.00E+03 1.00E+03 1.00E+03 2.50E+01

Soil /Water Parr.ition CO. 3.43E+01 1.43E+03 1.03E+02 2.53E+05

LeacheteConc.IC01= 3.43E+01 1.00E+03 1.03E+02 2.50E+01

Vadose Travel?ime1T21= 7.73E+04 5.15E+02 5.1!iE+02 5.15E+02

Vedoae Zone Dilution= 1.00E+00 1.00E+00 1.00E+00 1.00E+00

WaterTablelO1= 3.43E+01 1.00E+03 1.03E+02 2.50E+01

Set.TravelTima1T31=IYearl 1.75E+01 7.83E-07 7.83E-07 7.83E-01

Set. Zone Diluuone 5.95E-02 5.95E-02 5.95E-02 5.95E-02

ERD F Boundary1C31=Img/LI 2.04E+00 5.95E+01 8.13E+00 1.49E+00
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Tabie A-8. Results for Base ConditV'ons Scenarcio under Current C"limate CondRion (Accountflnlg for Leachate Limits),

^

Parameter Carbon-14 Teehnatium-99 Total Uranium Antimony C]rrominm-VI FluorMe Nitrite as INI Selenium

Soil/WaterParBtion(me/LI 5.11E^-03 2.30E-03 t.00E+08 6.161E+02 8.92E+04 1-43E+03 1.03E+02 3.96E+02

Souree Cone. (CO) lmp/LI 2.CKE^06 3.63E-04 3.94E-01 1.00E-01 3.00E-01 1.60E+01 1.70E+01 8.40E-01

LlnerRetardatbn 1.01)E+00 1.00E+00 1.00E+00 1.00E+01 1.0CE+00 1.00E+00 1.00E+D0 1.00E+00

LinerTrewlTimerC11(yr) 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.o0E+00

Cane. Beneath Trench (Cl) 1m9/l.) 2.04E^08 3.53E-04 3.94E-01 1.00E-01 3.00E-01 1.80E+01 1.70E+01 8.40E-01

VadotaTravelTime1T211yr) 6.1liE+02 5.15E+02 5.16E+02 6.15E+02 6.16E+02 6.15E+02 6.16E+02 6.16E+02

Vadoae Zone Dilution (DI1.2) 1.00E +00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00

Cone. at Water Table (C211np/L) 1.92E-08 3.52E-04 3.94E-01 1.00E-01 3.00E-01 1.60E+01 1.70E+101 8.40E-01

Sat. Trawl Time IT3) (yr) 7.83E-01 7.83E-01 7.83E-01 7.83E-O1 7.83E-01 7.83E-01 7.83E-CI1 7.83E-01

Saturated Zone Dilution (DI13) 0.059 0.069 0.059 0.059 0.059 0.059 0.059 0.059

Conc. at ERDF Boundary (C31 (m51/1.1 1.14E-07 2.09E-05 2.34E-02 6.95E-03 1.78E-02 9.51E-01 1.01E+00 6.00E-02

Radionuclide Conc. IC31 IpCI/LII 6.08E+02 3.56E+02 1.67E+01

Soume Depletion Time w/o Ilnnr ('yd 4.50f+05 1.17E+03 4.68E+08 1.19E+08 5.35E+07 1.61E+04 1.09E+03 8.46E+04

At ERDF Boundary Total ICR Max. HQ

Trawl Time (yr) 516 516 616 516 518 616 618 61 B

Incromentel Cancer Riek IICRI 1-02E-06 1.03E-05 1.03E-05 3E-05

Hazard Quotient IHOI ' 1.01E+00 2.32E-01 9.61E-01 8.37E-01 6.49E-01 1E+00

ICR at Time< 100 Yeara 0.00E+00 O.00E+00 O.00E+00 0E+00

ICR at 100<Time < 1,000 Veen 1.02E-05 1.03E-05 1.03E-05 3E-OS

ICR at 1.000<Time< 10.000Yeun 1.02E-05 1.03E-05 1.03E-05 3E-OS

HQatTime<100Yeara O.o0E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0E+00

HQ at 100<71me< 1,000Yean 1.01E+00 2.32E-01 9.61E-01 6.37E-01 6.49E-01 1E+00

HQat1.000<Time<10.000Yean 1.0 1 E+00 2.32E-01 9.61E-01 8.37E-01 8.49E-01 1E+00

0
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Table X9. Results for Alternatives 2, 3, and 4 under Current Clirinate Condition (Accounting for Leachate Limits).

w00

Parameter Carbon-14 Teehnetlum-98 Total Uranium Antimony
,-

Chrondum-VI Fluoride Nhrke (aa NI Selenium
-

So9/WaterPartRbnlmp/L) 6.11E-03 2.30E-03 1.00E+08 6.611^+02 8.925*04 1.43E+03 1.03E+02 3.95E+02

Soume Conc. (COI (m9/L) 2.04E-06 3.53E-04 3.94E-OI 1.OOIE-01 3.OCPE-O1 1.601E+01 1.70E+01 8.40E-0t '

LlnerRetardatkn 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.OOIE+,00 1.00E+00 1.00E+00 1.00E+00

Liner Trawl Tlme (T11 IYA O.OOE+00 0.00E+00 O.OOE+00 0.00E+00 0.001E+00 0.00E+00 0.00E+00 O.OOE+00

Cone. Beneath Trench (Cl) (mg/L) 2.04E-06 3.53E-04 3.94E-01 1.001E-01 3.OCNE-01 1.60E+01 1.70E+01 8.40E-01

Vadoae Trawl Time n'21 hM 1.33E+04 1.33E+04 1.33E+04 1.33E+04 1.331:+04 1.33E+04 1.33E+OM1 1.33E+04

Vado9e Zona D9utlon IDIL21 1.00E+00 1.00E+00 1.00E+00 1.00E.+00 1.001: +00 1.00E+00 1.00E+00 1.00E+00

Cono. at Watar Teble (C21 Im9/0 4.09E-07 3.38E-04 3.94E-01 1.00ES-01 3.00k-01 1.BOE+O1 1.70E+01 8.40E-01

Sat. Trawl Tlma IT31 IYrI 7.83E-01 7.83E-01 7.83E-01 7.83&-01 7.63E-01 7.83E-01 7.83E-01 7.83E-01

Satureted Zone Dilution (DIL3) 0.001 0.001 0.001 0.0Q1 0.001' 0.001 0.001 0.001

Cone. at ERDF Boundary (C31 (mblLI 5.16E-10 4.27E-07 4.98E-04 1.26Ei-04 3.791?{14 2.02E-02 2.15E-02 1.06E-03

RadionuclldeConc.IC311pC1/LI 2.30E+00 7.26E+00 3.54E-01

Source Depletion Time wlo Ilner IIYr) 2.25E+07 6,87E+04 2.29E+10 6.95E+07 2.68Ei+09 8.06E+06 5.46E+04 4.23E+08

At ERDF Boundary i Totel ICR Max. HQ

Trawl Time (Yd 13.301 13.301 13.301 13.301 13,3011 13,301 13.301 13,301

Incnmentd Cancer Riak (ICR) 4.60E-08 2.10E-07 2.19E-07 5E-07

Hazard Quotlent (HQ) 2.15E-02 4.93E:-0-3 2.02E-02 1.35E-02 11.38E-02 2E-02

ICR at Time< 100 Veara O.00E+00 0.00E+00 0.00E+00 0E+00

ICR at 100<Tkne< 1,000 Vean O.OOE+00 0.00E+00 O.o0E+00 0E+00

ICR at 1,000<Time< 10,000 Veln 0.00E+00 0.00E+00 0.00E+00 0E+00

HO at Time< IOOYeera O.oOE I^00 0.00E+00 0.00E+00 O.00E+00 0.00E+00 0E+00

HOat100<Time<1.000Vean O.OOEtOO O.00E+00 O.OOE+00 0.00E+00 O.Ot7E+00 OE+00

HO at 1,000<Time< 10,000 Yeera 0.00E+f00 0.00E-t00 0.00E+00 0.00E+00 0,00E+00 0E+00
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Table A-10, Results fclr Afternatives 5, 6, and 7 under Current Climate Condition (Accounting for Leachate Umits),

IN
^

Parameter Carbon-14 TeehrrolAum-99 Total Urenlum Antlmony C3rromlum-VI Fluoride Nitrite laa N) Selenium

So9/WaterPan@bn(rn9/L) 6.11E-03 2.30E-03 1.00E+06 8.81E+02' B.92E+04 1.43E+03 1.03E+02 3.95E+02

Some Conc. (CO) Im9/LI 2.04E-06 3.531E-04 3.94E-01 1.00E-01 3.ODE-01 1.60E+01 1.70E+01 8.40E-01

LlnerRetardetbn 1.0OE+00 1.OOE+00 1.00E+00 1.00E+00 1.OOE+00 i.O0E+00 1.OOE+00 1.00E+00

UnerTrewlTime(T111yr1 7.05E+02 7.05E +02 7.05E+02 7.06E+02 7-05E+02 7.05E+02 7.05E+02 7.06E+02

Conc. Beneath Tnneh (Cl) Im9/L) 1.88E-C6 3.62F-04 3.94E-01 1.00E-01 3.ODE-01 1.60E+01 1.70E+01 1 8.40E-01

Vadoee Traw1 Time IT211yr) 1.4BE+04 1.48E+04 1.48E+04 1.48E+04 1.48E+04 1.48E+04 1.48E+04 1.48E+04

Vadoae Zone Dilutlon IDIL21 1.ODE+00 1.00E+00 1.00E+00 1.00E+00 i.00E+00 1.00E+00 1.00E+00 i.00E+00

Cone. at Water Table IC21 Ime/LI 3.13E-07 3.35E-04 3.94E-01 1.00E-01 3.00E-01 1.60E+01 1.70E+01 8.40E-01

Set. Trawl Time (T3) (yr1 7.83E-101 7.83E-01 7.83E-01 7.83E-01 7.83E-01 7.83E-01 7.83E-01 7.83E-01

Satureted Zone Dilution (DIL3) 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Cone. at ERDF Boundary 1C311m9/L) 3.96E-10 4.24E-07 4.98E-04 1.26E-04 3.79E-04 2.02E-02 2.15E-02 1.06E-03

Radionuclide Cone. IC311pCi/L) 1.76E+00 7.20E+00 3.64E-01

Some Depletion Time w/o Bner lyrl 2.25E+07 5.87E+04 2.29E+10 5.95E+07 2.68E+09 8.06E+06 6.46E+04 4.23E+06

Souree Depletion Tlnw-tlopl (yr) 2.25E+07 6.86E+04 2.29E+10 5.95E+07 2.68E+09 8.06E+05 6.46E+04 4.23E+06

Some Depletion Time-tlopl (yr) 2.25E+07 5.t16E+04 2.29E+10 5.95E+07 2.68E+09 8.06E+05 6.46E+04 4.23E+06

At EROF Boundary Total ICR Max. HO

Tnwl Time (yd 16,501 16,601 16.601 16,501 16,501 16,501 15,501 16,601

Inaermntal Cancer Riak IICR) 3.62E-08 2.09E-07 2.19E-07 5E-07

HaaaM Quotient 0101 2.16E-02 4.93E-03 2.02E-02 L35E-02 1.38E-02 2E-02

ICRatTkne<100Yeara 0.00E+00 O.00E+00 0.00E+00 0E+00

ICRat100<Tlms<1,000Yean O.00E+00 O.00E+00 O.00E+00 0E+00

ICA at 1,000<Tlme< 10,000 Yeera O.00E+00 O.00E+00 O.OOE+00 0E+00

HOatTlme<100Yeen 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.00E+00 0E+00

HO at 100<Time< 1.000 Yean O.ODE+00 O.DOE+00 O.00E+00 O.COE+00 O.00E+00 0E+00

HDat1,000<Tims<10.000Yeare O.OOE+00 O.ODE+00 0.00E+00 0.00E+00 O.OOE+00 0E+00

d
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Table A-11. Results for ARematives 8, 9, and 10 under Current Climate Condition (Accounting for Leachate LImRs).

Ĉ

Parameter Carbon-14 Teehnetlum-99 Total Uranium AntimonY C,hmmium-VI FluorMa Nitrite (ae N) Salenlum

6oll/Water Partition (mpdL) 6.11E-03 2.30E-03 1.00E+06 e.61E+02 8.82E+04 1.43E+03 1.03E+02 3.96E+02

6ourae Cona. I001 Impl'LI 2.04E-08 3-63E-04 3.94E-O1 1.OOE-01 3.00E-01 1.80E+01 1.70E+01 8.40E-01

linerRetardatbn 1.00E+00 1.00E+00 1.00E+00 1.00E+130 1.00E+00 I.OOE+00 i.00E+00 1.00E+00

LMerTrawlTime11111WA 2.06E+03 2.06E+03 2.06E+03 2.06E+3 2.06E+03 2.06E+03 2.06E+03 2.06E+03

Cane. Beneath Treneh (C11 Inq/L) 1.69E-118 3.50E-04 3.94E-01 1.00E-61 3.OOE-01 1.60E+01 1.70E+01 8.40E-01

'Nadon Trawl Time 1121 IYd 1.48E+04 1.48E+04 1.48E+04 1.48E24 1,48E+04 1.48E+04 1.48E+04 1-48E+04

Vadaae Zone Dihrtlon 4D11.21 1.00E+00 1.00E+00 1.00E+00 1.00E+110 1.00E+00 1.00E+00 1.00E+00 1.00E+00

Cone. at Water Table IC721 (melL) 2.66E-07 3.34E-04 3.94E-01 1.00E-01 3.00E-01 1.60E+01 1.70E+01 8.40E-01

6at. Tnwl Time (T31 (Y r) 7.83E-01 7.83E-01 7.83E-Ot 7.63E-09 7.83E-O1 7.83E-Ot 7.83E-01 7.83E-01

Satureted Zone Dilution (DIL31 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

4.one. at ERDF Boundary IC3) (m9/L) 3.36E-10 4.22E-07 4.98E-04 1.26E-04 3.79E-04 2.02E-02 2.16E-02 1.OBE-03

Radionuclide Conn. (C3) (pG/LI 1.50E+00 7-17E+00 3.54E-01

Source Depletion Time w/o liner (Yrl 2.25E+07 6.87E+04 2.29E+10 5.95E+07 2.68E+09 8.06E+05 6.46E+04 4.23E+08

Soun:eDepktionTbne-t1op11Yd 2.25E+07 6.86E+04 2.29E+10 6.95E+07 2.68E+09 e.06E+05 6.46E+04 4.23E+06

$oun:eDepbtlonTime-t1op11Yr1 2.25E+07 6.86E+04 2.29E+10 5.95E+07 2.68E+09 8.06E+05 5.46E+04 4.23E+08

At ERDF Boundary Total ICR Max. No

Trawl Time Wrl 16,851 18,851 18,851 16,851 16,851 18,861 18,851 18.881

ineramentd Cancer Rlak (ICR) 2.99E-08 2.oeE-07 2.19E-07 6E-07

HazeN Quotient (HQI 2.16E-02 4.93E-03 2.02E-02 1.35E-02 1.38E-02 2E-02

ICR at Time< 100 Vearn 0.00E+00 0.00E+00 O.OOE+00 OE+00

IOR at 100<Time< 1,0130 Veara 0.00E+00 0.00E+00 0.00E+00 0E+00

ICR at 1,000<Time< 10,000 Veara O.o0E+00 O.00E+00 O.00E+00 0E+00

HO at Time< 100 Veara 0.00E+00 0.00E+00 O.o0E+00 O.00E+00 O.00E+00 0E+00

HO at 100<Tlme< 1,000 Veara O.00E+00 0.00E+00 O.00E+00 O.o0E+00 0.00E+00 0E+00

HO at 1,000<Time< 10,000 Vean O.o0E+00 O.00E+00 O.00E+00 O.00E+00 O.OOE+00 0E+00
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Table A-1 2, Results for Base Conditions Scenario under Hypothetical NVedler Climate Condition (Accounting for Loachate Limits)I.
I

P4remeter Carbon-14 Naptunium-237 Technatiunr99 Total Uojnium TrRllum Antlmony Chromlum-V,'I Fluurkle Nkdtr' as NI

SdOWaterPartNBon(mp/L) 8.11E-03 4.BOE-06 2.30E-03 1.00E+O6 1.071E-04 6.61E+02 8.92E +04 1.43E +03 1.03E+02

Source Qoinc. (1 (m9/L) 2.04E-08 4.BOE-06 3.63E-04 3.94E-471 1.071E-04 t.OOE-01 3.00e-O1 1.60E+01 1.70E+01

LlnerRetardatbn t.OOE+00 1.30E+01 1.00E+00 t.00E+00 1.170E +00 1.00E+00 1.00E+00, I.OOE+00 1.00E+00

Linar Trqwl TITe (T1) Wr) O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+OO O.OOE+00 O.OOE+00 O.00E+00, OLOOE+00 O.00E+00

Cone. Beneath lfronch (Cl) (mp/LI 2.04E-06 4.BOE-08 3.53E-04 3.94E-01 1.071E-04 1.O0E-O1 3.00E-01 , 1.60E+01 1.70E+01

VadoeaTrewl iima (T2) 1yr) 1.24E+02 2.26E+03 1.24E+02 1.24E+02 1.24E+02 1.24E+02 1.24E+02, 1.24E+02 1.241E+02

Vadoea Xor» D"bn I1311-21 1.00E+00 1.00E+00 1.00E+00 1.00E+i00 1.00E+00 1.00E+00 1.00E+00, I.OOE+00 1.001:+00

Conc. at Water Table (0211m9/1.) 2.OIE-06 4.60E-06 3.53E-04 3.94E-611 9.631E-08 1.00E-01 3.00E-01 1.60E+01 1,701E+01

Sat. Trawl TkM I131 tyrl 7.83E-01 9.13E+00 7.83E-01 7.83E-01 7.831E-01 7.83E-01 7.83E-01 , 7.83E-01 7.831E-01

Saturated Zone IDilutbn (D1L31 0.532 0.532 0.532 0.5321 0.632 0.632 0.532 0.532 0.532

Cone. at EROF Boundery IC31 Im9/LI 1.07E-06 2.55E-O6 1.8tiE-04 2.10E-01 4.90E-08 5.32E-02 1.e0e-Ol , 8.52E+00 9.05E+00

Radionuclide Coiio. IC311pC1/LI 4.77E +03 1.80E+00 3.19E+03 1.49E+02 4.73E+05

SoumeDepletbnTlmew/ollrrorlyd 2.60E+04 7.21E+02 6.52E+01 2.54E+07 1.00E+01 6.8IE+04 2.97E+06, 8.96E+02 6.071E+01

At ERDF;Boundary

TrawlTUma lyd i 125 2,267 125 125 125 125 125 125 125

Incromentel Canyar Risk IICR) 9.54E-06 8.64E-08 9-28E-06 8.24E-05 5.67E-04

Hazard Ouutlent1IHQ) 9.O6E+00 2.08E+00 8.62E+00 5.70Ei+00

ICRetTirne<1qOYeen O.00E+00 O.00E+00 O.00E+00 O.OOE+CIO O.00E+00

ICR at 10O<71me< 1,000 Yeen 9.64E-05 O.00E+00 9.26E-OS 9.24E-0!5 5.67E-04

ICRat1,O00<Tl^^ <10.000Yeara 9.54E-05 8.64E-06 0.00E+00 9.24E-015 O.ODE+00

HQetTlme<1[ADYeere 0.00E+00 O.DOE+00 O.OOE+00 o.OOE+00

HO at I00<Tlme< t,000Yeare 9.05E+00 2.08E+00 8.62E+00 6-70E+00

HQ at 1,000<71rna< 10.000Yeare 9.OSE+00 2.08E+00 8.52E+00 O.00E+00

d
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Table AI^12. Re'suRs for Base Con ditions Scenario under Hypothetical Wetter Climate C'ondftion (Accounting for Leachate IJmits).

Parameter, Selenium Beta-BHC Chbmfomi 1,2-Dk:hbmethuw Xyknaa

SoR/Weter Part@bn Im9/L) 3.95E+02 2.66E-03 1.29E+00 1.41E+01 1.29E+01

Source ConP. 1IC01 Im9/1-I 8.40E-01 2.66E-08 1.29E+06I 1.41E+01 1.29E+01

LlnerRetanlatlon i 1.00E+00 1.84E+01 1.20E+001 1.26E+00 1.34EA00

LinerTrewlTknelTtlly'rl 0.00E+00 0.00E+OD O.oOE+00 O.OOE+00 0.00E+00

Cone. Beneath Tnneh (C11(mp/L) 8.40E-O1 2.66E-031 1.29E+00i 1.41E+01 1.29E+01

Vadoae Trawl Time (T21 lyr) 1.24E+02 3.22E+03 1.61E+02'. 1.70E+02 1.B5E+02

Vedoee Zone Dllutlon (DIL2) 1.00E+00 1.00E+00 1.00E+00, 1.00E+00 1.00E+00

Cone. at Wateir Table IC21 (m0/LI 0AOE-01 2.13E-03 1.87E-05 1.05E-04 3.43E-06

Sat. Trawl Time iT3) NO 7.83E-Oq 1.29E+01 9.25E-01 9.62E-01 1.02EM0O

Saturated Zom Dllutbn IDIL31 0.532 0.532 0.532 0.632 0.532

Cone. at ERDF Boundary IC31 Im9/LI 4.47E-01 1.13E-03 9.34E-06 6.23E-05 1.70E-05

Radionuclide Conc. IC31 IPCULI

Source Depletion Time Wo 9ner lyr) 4.70E+03 1.04E+0f3 2.21E+01 2.53E+01 3.03Ee01

At ERDF Boundary Total ICR Max. HO

Tra<el Time (yrl 126 3.231 162 171 18EI

Ineramental Caneer Rlak OCRI 2.49E-05 3.45E-09 9E-04

Hazard Quotient (HO) 6.B1E+00 1.88E-04 3.66E-04 5.81E-07 9E+00

ICR at Time< 100 yean 0.00E+00 O.00E+00 0E+00

ICR at 100<Time< 1.000 yean 0.00E+00 3.45E-09 eE-04

ICR at 1,000<Time< 10.000 yean 2.49E-05 O.00E+00 2E-04

HO at Thne< 190 Veara O.OOE+Cq 0.00E+00 0.00E+00 0.00E+00 0E+00

HO at 100<Time< 1,000 Vean 5.81E+00 1.68E-04 3.66E-04 8.81E-07 9E+00

HO at 1,000<Time< 10.000 Vean 5.81E+00 0.00E+00 0.00E+00 0.00E+00 9E+00

d
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Table A-13. ResutCs for ARernatfve 2 under Hypothetical Wetter Climata Condition (Accounting for Leachate IJmits).

W

anmetxr Carbon-14 Neptunium-237 Teehnetium-99 Total Uranium Tr@lum Antimony Chmrqlum-VI Fhndda Nitrite (aa N)

Soll/WaterPartBbnlmgLU 6.11E-03 4.80E-06 2.30E-03 1.00E+06 1t.07E-04 6.61E+02 8.92E+04 1.43E+03 1.03E+02

SoumeConc.ICOllmp/U 2d06E-06 4.80E-06 3.63E-04 3.94E-01 1.07E-04 I.00E-01 3.00E-01 1.60E+01 1.70E+01

L4nerRetaNatbn 1.00E+00 1.30E+01 1.00E+00 1.00E+00 I.00E+00 1.00E+00 1.001E+00 1.00E+00 1.00E+00

Llner Travel Time (Ti) WA O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.001E+00 0.00E+00 O.OOE+00

C.nnc. Beneath Tnnch (C11 Im9/L1 2.04E-06 4.BOE-06 3.63E-04 3.94E-01 1.07E-04 1.00E-01 3.00E-01 1.BOE+01 1.70E+01

Vedoae Tnval Time (T2) IYr1 1.60E+02 3.73E+03 1.50E+02 1.50E+02 1.60E+02 1.50E+02 1.SOIE+02 1.50E+02 1.50E+02

Vadoae Zone Dilution (DpL2) 1.00E+00 1.O0E+00 1.00E+00 1.O0E+00 I.00E+00 1.00E+00 1.001E+00 1.00E+00 1.00E+00

Cone. at Water Table (C:j) lmg/LI 2.OIE-06 4.79E-06 3.63E-04 3.94E-01 226E-08 1.00E-01 3.00E-01 1.60E+01 1.70E+01

Snt. Traval Time IT31 lyr'1 7.83E-01 9.13E+00 7.83E-01 7.83E-01 7.83E-01 7.89E-01 7.83E-01 7.83E-01 7.63E-01

Saturated Zone Dilution ^1)11-31 0.387 0.387 0.387 0.387 0.387 0.387 0.387 0.387 0.387

Cunc. at ERDF 9oundery',IC311m9/LI 7.77E-07 1-86E-06 1.37E-04 1.63E-01 8.36E-09 3.87E-02 1.18E-01 8.20E+00 6.68E+00

Radionuclide Cone. IC311pCi/L) 3.46E+03 1.3tE+00 2.32E+03 1.OBE+02 e.O6E+04

Source Dep letion Time w/o liner ( yrp 4.60E+04 1.30E+03 1.17E+02 4.58E+07 9.80E+01 1.19E+05 5.35E+06 1.61E+03 1.09E+02

At EROF Boundary

Trawl Time (yr) 161 3,743 151 151 161 151 151 151 161

Incremental Cancer Risk 11CR) 6.92E-05 6.28E-06 6.74E-05 6.72E-05 9.67E-05

Heaerd Quotient IHO) 6.58E+00 1.61E+00 8.20E+00 4.I6E+00

ICRattTime<100Yeara O.o0E+00 O.00E+00 O.o0E+00 O.00E+00 0.00E+00

ICR at 100<Tkne< 1,000Yeara 6.92E-05 0.00E+00 8.74E-05 6.72E-OS 9.67E-05

ICR at 1,000<71me< 10„000 Yeen 6.92E-05 6.28E-06 0.00E+00 6.72E-05 0.00E+00

HU at Tkne< 100 Yean 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00

NOatlOO<Tlma<1,000Yeera 6.58E+00 1.51E+00 6.20E+00 4.15E+00

HOet1,000<Tlme<t0.000Yeen 6.68E+00 1.61E+00 6.20E+00 O.00E+00
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Table A-13. Resufts for ARerrtatNe 2 under Hypothetical Wetter Climate Condition (Accounting for Leachate Ltmfts).

^

Parem,ter Salenkon Bate-BHC Cllamform 1,2-Dk:hbroothene Xyknee

Soli/waterParthiop Im0/Ll 3.95E+02 , 2.86E-03 1.29E+00 1.41E+CIt 1.29E+01

Soi/rse Cmto. ICOI^ (mg/L) 8.40E-01 2.66E-03 1.29E+00 1.41E+C11 1.29E+01

LlnprRetardatbn ).00E+00 1.84E+01 1.20E+00 1.26E+C10 1.34E+00

LInierTrave,ITlme,Ttl lyd 0 .00E+00 0.00E+00 d.00E+00 O.OOE+CiO O.0oE+00

Coric. Beneath Traneh (C1 ) Imp/L I 8.40E-01 2.66E-03 1.29E+00 1.41E+OH 1.29E+01

Vadoee Trawl Time IT2 ) ly rl 1I.50E+02 6.35E+03 12.1tE+02 2.27E+012 2.62E+02

Vadloze Zone DButllon IDIL2 1 V -OOE+00 1.00E+00 9.00E+00 1.00E+00 1.OOE+00

Cone. at Water Telble I C2 1 (mg/L) 8.40E-01 1.84E-03 5.68E-07 2.03E-013 3.27E-07

Set. Trevel^Time its , lyd 7.83E-01 1.29E+01 0.25E-01 9.62E-011 1.02E+00

Saturated 2;one Dilution (DIL3 1 0.387 0.387 0.387 0.387 0.387

Conc. at EflDF Boundery (C3) Img/LII 3.25E-01 7.12E-04 2.06E-07 7-35E-07 1.1BE-07

Radionuelkie Conc, (C31 (pG/LI

Sourea Depletion time w/o Ilner (yrl 8.46E+03 1.87E+03 21.98E+01 4.55E+01 6.45E+01

At E:RDF Boundery Total ICR Max. HQ

Trewl Time (yr) 161 5,360 212 228 253

Inerementd Cancer Rlak IIC311 1.67E-05 7.63E-11 3E-04

Hazard Quotient (HQI 4.23E+00 3.71E-O6 6.14E-O6 3.90E-09 7E+00

ICR at Time< 100'Yeen O.00E+00 0.00E+00 0E+00

ICRat1O0<Tlme<1.000Yeen 0.00E+00 7.63E41 3E-04

ICR at 1,000<Timo< 10,000 Veen 1.67E-05 O.00E+00 2E-04

HO at Tlme< 100 Vean O.00E+00 0.00E+00 0.00E+00 0.00E+00 0E+00

HQ at 100<Tlme< 1,000 Veen 4..23E+00 3.71E-08 5.14EO6 3.90E-09 7E+00

HQ at 1,000<Tima < 10,000 Vean 4,.23E+00 O.o0E+00 0.00E+00 0.00E+00 7E+00
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Table A-14. Results for Alternatives 3 and 4 under Hypothetical Wetter Climate Condition (Accounting for, Leachate Limits).

Parameter Carbon-14 Neptunium-237 Technetium-90 Total Uranium Tr8lunn Antimony ChmmlwYm\/I Fluoride Nitrite (au N)

So0/WeterPerdtbn(mp/L) 6.11E-03 4.80E-08 2.30E-03 1.00E+06 1.07E-04 8.61E+02 8.92E+04 1.43E+03 1.03E+02

Some Conc. 1C01 (m9/L) 2.04E-O6 4.e0E-08 3.63E-04 3.94E-01 1.07E-04 1.00E-01 3.00E-01 1.60E+01 1.70E+01

LinerRetardatbn 1.OOE+00 1.30E+01 1.00E+00 i.o0E+00 1.00E+,00 1.OOE+00 1.00E+00- 1.006+00 1.ODE+00

LharTrevelTlmslTIllyrl 0.00E+00 O.ODE+00 O.c0E+00 O.00E+00 O.o0E+00 O.o0E+00 O.CIOE+00 O.OOE+00 O.00E+00

Cone. Beneath Trench ICq (m9/LI 2.04E-08 4.80E-06 3.53E-04 3.94E-01 1.07E-04 1.00E-01 3.00E-01 1.80E+01 1.70E+01

VadoaeTrawlTkneR211Yr1 6.01E+02 2.92E+04 6.01E+02 6.01E+02 6.OtE+02 6.OiE+02 6.Ct1E+02 6.01E+02 6.01E+02

Vaddoae Zone Dllutbn IDIL21 1.OOE+CO 1.OOE+00 1.DOE+00 1.00E+00 1.o0E+Q0 1.00E+00 1.00E+00 1.00E+00 1.00E+00

Cone. at Water Table (C21 (m9/1-1 1.92E-06 4.75E-06 3.62E-04 3.94E-01 6.95E-17 1.o0E-01 3.0OE-01 1.60E+01 1.70E+01

Sat. Trawl Tkna IT31 (yd 17.63E-01 9.13E+00 7.83E-01 7.83E-01 7.83E-CI1 7.63E-01 7.163E-O1 7.83E-O1 7.83E-O1

Saturated Zone DikMon R)IL31 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048

Cone. at ERDF Boundary IC31 (m9/LI 9.26E-08 2.29E-07 1.70E-06 1.90E-02 2.74E-18 4.81E-03 1!44E-02 7.70E-01 8.18E-01

Radionuclide Cone. IC31 (pCI/LI 4.12E+02 1.61E-01 2.86E+02 1.36E+Ot 2.64E-016

Source Depletion Time w/o liner NO 15.83E+05 1.82E+04 1.47E+03 6.72E+08 2.25E+02 1.49E+08 8.69E+07 2.02E+04 1.38E+03

At ERDF Boundary

Trauel Time NO 502 29,184 502 502 502 502 602 502 502

Inemmental Cancer Rick IICR) i8.25E-06 7.74E-07 8.36E-06 8.36E-08 3.17E-14

He:ard Quotient (HD) 8.18E-01 1.88E-01 7.70E-01 6.16E-01

ICR at Tlrne< 100 Yean 0.00E+00 oA)DE+00 O.00E+00 O.OOE+00 O.OOE+Cq

ICR at 100<Time< 1,OODYean 8.26E-08 O.o0E+00 8.36E-06 8.36E-06 3.17E44

ICR at t.00O<Tbne< 10,000 Yeare 8.25E-06 O.OOE+00 8.36E-06 8.38E-08 O.o0E+00

HD at Tlme< 100 Yean 0.00E+00 O.o0E+00 O.00E+00 0.00E+00

HOat100<Tkn•<1,000Yem 8.18E-O1 1.88E-01 7.70E-01 6.16E-01

HO at 1,000<Tlme< 10,000Yean 8.18E-01 1.88E-011 7.70E-01 6.16E-01
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XabBe A-14. Results for Afternatives 3 and 4 under Hypothetical Wetter 6iimate Condition (Accounting for Leachate UmRs).

Parameter Selenium BetrBHC Chbrofcom 1,2-Dkahbrootheno %yleneo

Soll/Weter Porthlon (mp/L) 3.95E+02 2.66E-03 1.29E+00 1.4tE+01 1'.29E+01

Soume P:enc. (CO) (me/LI 8.40E-01 2.66E-03 t.29E+00 1.41E+01 1.29E+01

LlnerReterdaiNon 1.00E+00 1.84E+01 1.20E+00 1.26E+0I 1'.34E+00

LinerTrnval lime R111yr1 O.OOE+00 O.00E+00 0.00E+00 0.00E+()O 0.,00E+00

Conc. Bnneeth Trench IC11 Irnp/L) 8.40E-01 2.66E.03 1.29E+i00 1.41E+01 1:29E+01

VedeeeTrewanme1i211M 6.OtE+02 4.21E+04 9.88E+02 1.12E+03 1:.32E+03

Vedone Zone Dilution IDIL21 1.00E+00 1.00E+00 1.OOE+iDO 1.00E+00 1.0)E+00

Cone. at Water Table (C2) (m9/L) 8.40E-01 1.44E-04 2.30E-30 3.28E-33 2.74E-39

Sat. Trewl Time IT311yr1 7.83E-01 1.29E+0 t 9.25E-01 9,62E-01 1.02E+00

Saturated Zone Dilution (011.31 0.048 0.048 0.048 0.048 0.048

Conc. at ERDIF Boundary (C31 Im9/LI 4.04E-02 6.93E-06 1.04E-31 1.48E-34 1'.23E-40

Redbnuc:IMe ICone. IC31 IpCi/L)

Source Depletbn Time w/o Iiner (yr) 1.06E+05 2.34E+04 4.97E+02 8.69E+02 8.81E+02

At ERDF Boundary Total ICR Max. HQ

Tnwl Time lyr) 502 42.091 889 1.118 1,319

Incremental Coneer Rfbk IICRI 1.53E-07 3.85E-36 3E-05

Hazard Quotient IHOI 6.26E-01 1.87E-30 1.03E-33 4.05E-42 eE-0t

ICRetThrro< 100Ysen O.ODE+00 0.00E+00 0E+00

ICR at 1C0<Time< 1.000Yeere 0.00E+00 3.85E-35 2E-05

ICR at 1,000<Time< 10,000 yeen 0.00E+00 3.85E-35 2E-06

HQotTlme<100Yeen O.OOE+00 f1.O0E+00 O.o0E+00 0.00E+00 0E+00

HQ at 100<Tlme< 1,000 Yeen 6.26E-01 1.87E-30 0.00E+00 0.00E+00 8E-01

HQ at 1,000<Tlme< 10,000 Yeera 6.26E-01 1.87E-30 1.03E-33 4.06E-42 8E-01
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Table AA-15. Results for Aitemative 5 under HYPothetical Wetter Climate Condition (Accounting for Leachate Gimits).

J

Parameper Carbon-14 Nsptunlum-237 Teahmetium-89 Total UraMum TrBium Ant9mny ChtomWm-VI Fknddde DyRdte Ise N)

So8/WaterParthbnlr;/L) 6.11E-03 4.BOE-08 2.30E-03 1.00E+06 1.07E-04 8.61E+02 8.92E4.04 1.421E+03 .03E+02

Soun:e Cone. (CO) (mp/LI 2.04E-08 4.BOE-08 3.B3E-04 3.94E-01 1.07E-04 1.00E-01 3.00E-01 1. -+01 1.717E+01

LlnerRetardatlon 1.00E+00 8.77E+01 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E4-00 1-OfM:+00 1.011E+00

LMerTralwlTimaIT111lyrl 3.14E+01 1.21E+02 3.14E+01 3.14E+01 3.14E+01 3.14E+01 3.14E+01 3.1419+01 3.14E+01

Cone. Beneath Trench (Cl) (m0/LI 2.03E-06 4.80E-06 3.63E-04 3.94E-01 0.00E+00 1.00E-01 3.00E-b1 1. E+01 1.70E+01

Vadore Travel Tlme fr21(yr) 1.20E+02 3.70Eh03 1.20E+02 1.20E+02 1.20E+02 1.20E+02 1.20E+02 1.2 :+02 1.217E+02

Vsdoae Zone Dilution (DIL2) 1.00E+00 1.00E4.00 1.Oi0E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.OCNi+00 1.00E+00

Conc. at WaterTable IC211m9/LI 2.01E-06 4.79E-08 3.Ft3E-04 3.94E-01 0.00E+00 1.00E-01 3.00E-^01 1-60E+Ot 1.70E+01

Sat. TrWel Tlme IT31 (yt) 7.83E-01 9.13E+-00 7.E13E-01 7.83E-01 7.83E-01 7.83E-01 7.83E-^01 7.83E-01 7.83E-01

Saturated Zone Diluthn I0113) 0.387 0.387 0.387 0.387 0.387 0.387 0.387 0.387 0.307

Conc. at ERDF Boundary (C31 Im0/LI 7.77E-07 1.86E-06 1.317E-04 1.63E-01 0.00E+00 3.87E-02 1.16H01 6. E+00 6.58E+00

RadbnucXkie Conc. (C3) 1pCilL1 3.46E+03 1.31E+00 2.32E+03 1.08E+02 0.00E+00

Soun:e Depktbn Tkne w/o Iiner lyr) 4.50E+04 1.30E+03 1.17E+02 4.68E+07 1.BOE+01 1.19E+06 6.35E+08 1.61E+03 11.09E+02

Soun:e Depletion Tlme-tlopl lyrl 4.50E+04 1.27E+03 8.73E+01 4.68E+07 -1.20E+01 1.19E+06 6.35E+06 1.56F+03 7.92E+01

Souree Depletion Tlme-tlopl (yr) 4.60E+04 1.27E+03 8.73E+01 4.58E+07 -1.20E+01 1.19E+05 5.35E+06 1.6 F:+03 7.92E+01

At ERDF Boundary

Trawl Time (yr) 152 3.835 1152 152 192 162 162 162 162

IncrememalCSncarRiakIICRI 6.92E-06 8.28E-06 6.74E-05 6.72E-05 O.00E+00

Hazard Quotient IHQI 6.68E+00 1.61E+00 6.20E+00 4.16E+00

ICRatTlme<100Yean 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

ICR at 100<Tlme< 1.000 Yean 6.92E-05 0.00E+00 6.74E-05 6.72E-05 0.00E+00

ICR at 1,000<Time< 10.000 Yeare 6.92E-05 6.28E-08 0.00E+00 6.72E-05 0.00E+00

HQatTlme<100Yean 0.00E+00 0.00E+00 0.001E+00 O.00E+00

HQ at 100<Time< 1,000 Yean 6.68E+00 1.61E+00 8.201c+00 4.15E+00

HOat1,000<Time<10,00oYears 6.66E+00 1.61E+00 6.20L+00 0.00E+00
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Table A-15. Results for AfternatNe 5 under FVypothetfcal Wetter Climate Condition (Accounting for Leachate Umit

00

Paruneter Selenlum Beta-BHC Chbrofonn 1,2-D1chloroethene Xyknea

SoBINVater Partition Im9/L) 3.95E+02 2.,86E-03 1.29E+00 1.411E+01 1.29E+01

Source Cona. (C01 9m9/1-I 8.40E-01 2.B8E-03 1.29E+Ob 1.4tIE+Oi 1.29E+01

LlnerRetanfatkrn i 1.00E+00 9.77E+01 2.13E+00 2.431E+00 2.90E+00

Liner Travel Tlma (T7) NO 3.14E+01 1.62E+02 3.29E+01 3.331E+01 3.39E+01

Come. Beneath Trench (Cl) IIm9/1.1 8.40E-01 2.163E-03 1.32E-01 1.40fe+00 1.23E+00

VadoaeTrawlTkneR211yd 1.20E+02 5.32E+03 1.81 E +02 1.971E+02 2Z2E+02

Vadose Zone Dllutidn (DIL21 1.00E+00 1.00E+00 1.00E+03 1.OOE+00 1.00E+00

Conc. at Water Table IC21 (me/LI 8.40E-01 1-02E-03 4.63E071 1.e1E-06 2.49E-07

Sat. Trawl Time (i3) NO 7.83E-01 1.29E+01 9.25E-0f 9.62E-01 1.02E+00

Saturated 2ona Dilution IDIL31 0.387 0.387 0.387 : 0.387 0.387

Cone. at ERDF Boundary (C3) (m9/L) 3.25E-01 7-05E-04 1.68E-07 6.83E-07 8.97E-08

Radionuclide Conc. AC31 (pCi/L)

Some Depletlon T1mn w/o liner (yr) 8-46E+03 1.87E+03 3.98E+011 4.65E+01 5.45E+01

Some Depletion Tina-tlop) lyr) 8.43E+03 1.B4E+03 9.76E+00 1.55E+01 2.46E+01

Source Depletion Thne-tlopl (yr) 8.43E+03 1.84E+03 9.76E+00 1,66E+0t 2.45E+01

At ERDF Boundary I Total IC81 Max. HO

Trawl Tlnw (yr) 152 6,492 215 232 257

Inctemental Caneer IRiak RC'R1 1.55E-05 8.23E41 1 2E-00

Haienf Quotient IHCII 4.23E+00 3.03E-06 4.OBE-08 2.98E-09 7E+00

ICRatTime<100Yean 0.00E+00 0.00E+00 0E+01)

ICR at 100<Time< ,1.000 Vean O.ODE+00 8.23E-1 1 2E-00.

ICR at 1,000<Tima< 10,000 yean 1.55E-05 0.00E+00, 2E-04

HO at Tlma< 100 Yeara 0-00E+00 O.00E+00- 11.00E+00 O.00E+00 0E+00

HO at 100<Tkm< 1,000 Yean 4.23E+00 3.03E-08 4.08E-05 2.96E-09 7E+00

HOatt,000<Tkna.:10,000Yean 4.23E+00 O.00E+00 0.00E+00 O.00E+00 7E+00

d
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Table A-16, ResuRs for ARematives 6 and'J under Hypotheticial Wetter Climate Condkion (Accounting for Leachate Llm@s).

^̂

Parameter Cnbom14 Neptunium^237 Tee betlum-99 Totol Uranlum Tr@krm Antimony Chromlum-VI Fluodde NBrBe laa NI

SoN/WaterParthbnlmp/L) 5.1tE-03 4.80E-0^6 2;30E-03 '1.O0E+06 i.07E-04 8.81E+02 0.92E+04 t.43E+03 t.03Ei+02

Some Cone. (CO) (m9/LI 2.04E-06 4.80E-09 3.53E-04 3.94E-01 1.07E-04 1-00E-01 3.00E-Ot 1.e0E+Ot 1.708+01

LlnerRetardatbn 1.00E+00 8.77E+01 1.9OE+00 1.00E+00 1-00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00

LinerTrawiTlmelTtllyr) 4.69E+01 1.17E+N3 4.69E+01 M1.69E+01 4.69E+01 4.69E+01 4.69E+01 4.69E+01 4.69E+01

Conc. Beneath Trenth (C1) (ryq/Lk 2.03E-06 4.80E-014 3.53E-04 3.94E-01 7.62E-06 1.00E-01 3.00E-01 1.60E+01 1.70E+01

VadoaeTnwl71meIT211yd 4.71E+02 2.91E+04 4.ir1E+02 4.71E+02 4.71E+02 4.71E+02 4.71E+02 4.71E+02 4.71E+02

Vadome Zone Dilution ID11.2) 1.00E+00 1.00E+00 1.(10E+00 11.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E.+00

Conc. at Water Tabk (C21 (m9/L) 1.92E-06 4.75E-00 3.62E-04 3.94E-01 2.20E-17 1.00E-01 3.00E-01 1.60E+01 1.70E+01

Sat. Trawl Time IT31 (yA 7-83E-01 9.13E+00 7:;83E-01 7.83E-01 7.83E-01 7.83E-01 7.83E-01 7.83E-01 7.831E-0t

Saturated Zone Dilution (DIL31 0.048 0.048 9.048 0.048 0.048 0.048 0.048 0.048 0.048

Cone. at ERDF Boundary IC3) Im9/L) 9.24E-08 2.29E-07 1.70E-05 1.90E-02 1.01E-18 4.81E-03 1.44E-02 7.70E-01 B.181E-01

Radionuclide Cone. IC31 (pCI/kl 4.11 E+02 1.61 E-0 2.^BE+02 1.35E+01 9.78E-08 I

Some Depletion Time w/o liner (yr) 6.63E+05 1.62E+04 1. 7E+03 6.72E+08 2.25E+02 1.49E+06 6.69E+07 2.02E+04 1.36E+03

SoureeDepktionTlme-tlop) 11rd 5.63E+05 1.62E+06 1.44E+03 6.72E+08 1.95E+02 1.49E+06 6.69E+07 2.01E+04 1.33E+03

SoumeDepktbnTime-tlopllyr) 6.63E+05 1.62E+04 1.44E+03 5.72E+08 1.95E+02 1.49E+06 6.69E+07 2.01E+04 1.33E+03

At ERDF Boundary

TrawlTime(yd 519 30.327 B19 519 619 519 619 619 519

Incremental Cancer Rlak IICR) 8.23E-06 7.74E-07 t1.36E-08 8.36E-06 1.17E-14

Hazard Quotlent IHQI 8.1 BE-01 1.88E-01 7.70E-01 5.16E-01

ICRatTime<100Yeare O.OOE+00 0.00E+00 O.ODE+00 0.00E+00 O.OOE+00

ICR at 100<Tlme< 1,000 Yeere 8.23E-08 0.00E+00 B.36E-06 8.36E-06 1.17E-14

ICR at 1,000<Time< 10-000 Yean 8.23E-08 O.OOE+00 8.36E-06 8.36E-06 O.OOE+00

HO at Tlme< 100 Yeere 0.00E+00 O.00E+00 0.00E+00 0.00E+00

HQ @ tO0<Tlme< 1,00OYean 8.18E-01 1.BBE-01 7-70E-01 5.16E-01

HQ at 1,000<Tlme < 10.000 Yean 8.16E-01 1.88E-01 7.70E-01 5.16&01
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Table A-16. Results for Alternatives 6 and 7 under Hypothetical Wetteir Climate Condition (Accounting for Leachate Umlts).

O

Peremeter Selenium Beu-BHC Chloroform 1,2-D1chbroathene %ylenee

So9/Water Partition Imp/LI 3.95E+02 2.66E-03 1.29E+00 1.41E;+01 1.29E+01

Source Conc. ICOI Inq/LI 8.40E-01 2.66E-03 1.29E+00 1.41Ei+01 1.29E+01

ILInerRetardatlon I.OOE+00 9.77E+01 2.13E+00 2.43E;+00 2.90E+00

IL6wrTrewlTlme1T111yr1 4.69E+01 1.68E+03 8.60E+01 7.11E!+01 7.89E+01

I;anc. Beneath Trench (Cl) (mp/L) 8.40E-01 2.37E-i03 1.33E-02 1.021E-01 5.43E-02

Nadoee Trawl Tim R21 lyd 4.71E+02 4.20E+04 9.89E+02 1.09E+03 1.29E+03

Hedore Zone Dilution 1011-21 I.OOE+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00

Conc. at Water Table IC2) Ime/LI 8.40E-oB 1.29E-04 1.e0E-31 1.811E-34 8.74E-41

Sat. Trewl Tim fT31 lyrl 7.83E-09 1.29E+01 9.25E-01 9.621E-01 1.02E+00

Saturated Zone Dilution (DIL31 0.048 0.048 0.048 0.048 0.048

Conc. at ERDF Boundary IC31 (me/L) 4.04E-02 6.19E-06 8.14E-33 8.151:-36 3.92E-42

Radionue9da Cone. IC31 IpCI/LI

Soume Depletion Tim w/o liner (yrd 1.06E+05 2.34E+04 4.97E+02 6.69E+02 8.81E+02

SounceDepletbnTlme-tlopllyd 1.06E+0!5 2.34E + 04 4.67E+02 5.39E+02 6.61E+02

Source Depletion Time-tlopl Ip) 1.06E+015 2.34E+04 4.67E+02 6.39E+02 6.51E+02

At ERDF Boundary Total ICR Max. HO

TrewlTlme(yr) 519 43,740 1,026 1.160 1,369

Incrementel Cancer Rbk BCRI 1.36E-07 3.01E38 3E-06

Hazard DuotbntlHD) 6.26E-01 1.47E-31 5.70E-35 1.29E-43 SE-01

ICR at Tlme< 100 Yeere O.OOEE+00 O.00E+00 OE+00

ICR at 100<Tlme< 1.000 Veen O.00E+00 0.00E+00 2E-05

ICRat1,000<Time<t0,000Yeare 0.00E+00 3.01E-36 2E-05

HQ at Tlme< 100 Veare O.00E+00 O.00E+00 O.00E+00 O.ODE+00 0E+00

HO at 100<Tlme< 1,000Yean 5.26E-01 0.00E+00 O.OOEE+00 0.00E+00 BE-01

HD at 1,000<Tlme< 10.000 Vean 6.26E-01 1.47E-31 6.70E-35 1.29E-43 8E-01

d
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Table A-17. Results for Alternative 8 under Hypothetical Wetter ClimaQe Condition (Accounting for Leachate UmRs).

rN-.

Pmmeter Cerbon-^4 Neptunium-237 Technetium-99 Total Unnium TrBMxm Antlmony Chmmlum-VI Fluoride NBrlte lea N)

SoIVWater Parthbn 4ryne/LI 6^11E-04 4.BOE-08 2.30E-03 1.00E+08 1.07E-04 6.61E+02 8.92E+04 1.43E+03 1.03E+02

Soun:e Cone. (CO) (np/L) 2:04E-0p 4.80E-O8 3.53E-04 3.94E01 1.071:-04 1.00E-01 3.00E,01 1.80E+01 1.70E+01

LlnarRetardatlon ^_1.p0E+£'0 6.77E+01 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00

LlnerTravelTkne1T111yr1 3.41E+£+1 3.04E+02'. 3.41E+01 3.41E+01 3.411;+01 3.41E+01 3.41E+01 3.41E+01 3.41E+01

Conc. Beneeth Tnnch (C111me/LI 2:03E-O6 4.80E-08 3.63E-04 3,94E-01 0.00E+00 i.00E-01 3.00E,01 1.BOE+01 1.70E+01

Vadoae Trawl Tim nf211yr1 t.20E+02 3.70E+03 1.20E+02 1.20E+02 1.20E+02 1.20E+02 1.20E+02 1.20E+02 1.20E+02

Vadora 2one DButkn (DIL21 1.£JOE+0-0 I.OOE+00 1.00E+00 1.00E+00 1.00E+00 t.00E+00 1.00E+00 t.00E+00 1.00E+00

Cone. at WaterTebN IC21(me/LI 2.00E-013 4.79E-08 3.53E-04 3.94E-01 0.00E+00 1.00E-01 3.00E,01 1.60E+01 1.70E+01

Sat. Travel Tim IT3) (yrl 7.i83E-0'I 9.13E+00 7.83E-01 7.83E-01 7.83lt-01 7.83E-01 7.83E-01 i 7.83E-01 7.83E-01

Saturated Zone Dilution 1D1L31 0.387 0.387 0.387 0.387 0.387 0.387 0.387 0.387 0.387

Conc. at ERDF Boundary IC31 (me/LI
T-;

7.i77E-07 1.86E-06 1.37E-04 1.53E-01 0.00E+00 3.87E-02 1.18E-01 6.20E+00 6.58E+00

RadbnucBdeCono.IC31£pCl/L) 3.46E+03 1.31E+00 2.32E+03 1.08E+02 0.00E+00 1

Souree Oepletbn Tkm w/o liner lyr) 4.60E+04 1.30E+03 1.17E+02 4.68E+07 1.80E401 1.19E+05 6.35E+08 1.61E+03 1.09E+02

Soun:e Depletion Tlme-tlopl lyrl 4.60E+0A 1.27E+03 8.73E+01 4.58E+07 -1.20E+01 1-19E+05 5.35E+08 1.68E+03 7.92E+Ot

Souree Depletion Tlme-tlop£ (yrl 4.50E+04 1.27E+03 8.73E+01 4.58E+07 -1.20E+01 1.19E+05 5.35E+06 1.68E+03 7.92E+01

At ERDF Boundary ^

Trawl Tlme lyd 155 4,017 155 155 155 155 155 156 155

Incmmemal Caneer Rlek (ICR) 8.92E-05• 8.28E-06 8.74E-OS 6.72E-05 0.00E+00

Hazard Quotient £HQ) 8.58E+00 1.61E+00 8.20E+00 4.16E+00

ICR at Tlma< 100 Yeare O.ODE+O() O.00E+00 0.00E+00 0.00E+00 0.00E+00

ICRat100<Tlme<1,000Ysan 6.£12E-O5 0.00E+00 6.74E-06 8-72E-05 O.00E+00

ICR at 1,000<Tlme< 10.000 Yean 6.92E-06 8.28E-06 0.00E+00 8.72E-05 O.00E+00

HO at Tlma< 100 Yeara 0.00E+00 0,00E+00 0.00E+00 O.00E+00

HQ at 100<Time< 1,000Yem 6.56E+00 1.61E+i0O 8.20E+00 4.16E+00

HQ at 1.000<Tlma< I0,000Yean 8.ti8E+00 1.61E+00 6.20E+00 O.o0E+00

G
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Table A-17,, Results for ARematNe 8 under Hypothetical Wetter Climate Condition (Acr.ouinting for Leachate Limits).

N

Parametar Selenium Beta-BHC Chbmform 1,2-Dkhloroethsna Xylkmea

So9/WatarPart@bn (m9/L) 3.95E+02 2.66E-03 1.29E+00 1.41E+01 1.29E+O1

Scums Cono. (CO) Im9n1 8.40E-01 2.BBE-03 1.29E+00 1.4UE+01 1.29E+01

LMerRatardatbn 1.00E+00 8.77E+Ot 2.13E+00 2.431E+00 2.90E+00

LhwrTrawlTkne(T11(yr) 3.41E+01 4.26E+02 3.86E+01 3.99E+01 4.17E+01

Cone. Beneath Treneh (Cl) 9n0/LI 8.40E-01 2.59E-03 8.84E-02 8.88E-01 7.16E-01

Vadon Trawl Time (T2) 1yr1 1.20E+02 5.32E+03 1.81E+02 1.97E+02 2.22E+02

Vadose Zone Dilution IDIL21' 1.00E+00 1.00E+00 1.00E+00 1.00E+00 t.O0E+00

Cene, at WaterTabk IC211npIL1 8.40E-O1 1.79E-03 3.11 E-07 1.02E-06 1.44E-07

Sat. Trawl T)ma (T3) (yr) 7.83E-01 1.29E+01 9.25E-01 9.62E-01 1.02E+00

Saturated Zone DButbn IDIL31 i 0.387 0.387 0.387 0.387 0.387

Conq at ERDF Boundary IC31 Ifnp/LI 3.25E-01 6.92E-04 1.13E-07 3.69E-07 5.21ErO8

Radionuclide Cone. (C31 IpC61L1

Scums Depletion Time w/o BRror, lyr) 8-46E+03 1.87E+03 3.98E+01 4.55E+01 5.45E +01

Scums Depletion Tkns-tlopl (yr1 8.43E+03 1.84E+03 9.76E+00 1-55E+01 2.46E+01

Scums Depletion Thne-t(op) tly^) 8.43E+03 1.84E+03 8.76E+00 1.55E+01 2.45E+01

At ERDF Boundary Total iCli Max. HQ

Trawl Time lyr) 155 5,755 221 238 265

Incremental Cancer Risk IICRI 1.52E-05 4.1 BE-11 2E-04

HataN Quotknt (HQI 4-23E+00 2.03E-06 2.59E-06 1,72E-09 7E+00

ICRatTima<100Yean O.ODE+00 O.00E+00 0E+00

ICR at 100<Time< 1,000 Year, OAOE+00 4.18E-11 2E-04

ICR at 1,000<Tims< 10,000 Vban 1.52E-05 O.00E+00 2E-04

HQ at Tlme< 100 Ysers O.00E+00 O.00E+00 0.00E+00 0.00E+00 0E+00

HQ at 100<Tkna< 1,000 Ysanp 4.23E+00 2.03E-08 2.59E-06 1-72E-09 7E+00

HQ at 1.000<7lms< 10.000 Yeara 4.23E+00 O.00E+00 O.00E+00 0.00E+00 7E+00

d
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Tabie A-18. Results for Afthrnatives, 9 and 10 under Hypothetical Wetter Climate Condition (Accouqiting for Leachate Limits).

W

Parameter Carbon-14
--^
'Neptunlum-R237 TachneUum-99 Total Uranlum

-
Trhlum Antimony Chromlum-VI Fhoorkla Nkrka lae NI

So8/WaterParthbnlm0/LI 5i1tIS03
--r
4.80E-08 2.30E-03 1.00E+08 1.07E-04 8.61E+02 8.92E+04 1.4'iE+03 1.03E+02

Source Conc. (CO) Im9/LI 2:04fi-08 4.80E-00 3.63E-04 3.94E-01 1.07E-04 1.00E-01 3.00E-01 1.66E+01 ^1.70E+01

LlnerRetardatkn 1.00E+00 6.77E+01 I.OOE+00 1.c0E+00 1.OC1E+00 1.00E+00 1.OOE+00 1.00E+00 3.00E+00

Uner Trawl TNna RI I(yrl 8.06E+01 3.46E+03 8A6E+01 8.06E+01 8.OBE+01 B.OBE+01 '9.O6E+01 8.06E+01 B.CME+01

Cone. Beneath Trench (Cl I Imo/LI 2.02R-00 4.79E-O6 3.53E-04 3.94E-01 1.14E-O6 1.00E-01 3.00E-01 1.eOE+01 A.70E+01

VadoeeTowlTbne0`211yd 4.71E+02 2.91E+04 4.71E+02 4.71E+02 4.71E+02 4.71E+02 4.71E+02 4.711E+02 ^4.7'1E+02

Vadose Zone Dilution IDIL21 i.0qE+00 I.OOE+00 1.00E+00 1.00E+00 1.OOiE+00 1.00E+00 1.00E+00 1.00E+00 1 .00E+00

Cone. at WaterTable ( C211m9/LI 1.91E-08 4.75E-O0 3.52E-04 3.94E-01 3.29E-18 1.00E-01 3.00E-01 1.60E+01 1.70E+01

Set. Trawl Time (T311Yr) 7.83E-01 9.13E+00 7.83E-01 7.83E-01 7.813E-01 7.83E-01 7.83E-01 7.83E-01 7.83E-01

Seturated Zone Dilution I01131 0.0418 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048

Cone. at EROF Boundary IC31 (m9/LI 9.20E-08 2.29E-07 1.70E-06 1.90E-02 1.512E-19 4.81E-03 1.44E-02 7.70E-01 8.]BE-01

RadlonuNlda Conc. (C3) 1pC1/LI 4.POE+02 1.61E-01 2.88E+02 1.35E+01 1.46E-08

Source Depletion Tima w/o liner lyrl 6.63E+05 1.62E+04. 1.47E+03 5-72E+08 2.25E+02 1.49E+06 6.69E+07 2.02E+04 1.36E+03

SounuDepbtbnTkne-tlopl(Yr) 6.63E+05 1.62E+04- 1.44E+03 6.72E+08 1.95E+02 1.49E+06 6.69E+07 2.01E+04 11.33E+03

Source Depletion Time-tlopl lyrl 5.63E+05 1.62E+04 1.44E+03 5.72E+08 1.95E+02 1.49E+08 6.69E+07 2.01E+04 1.33E+03

At ERDF Boundary

Trawl Time Ipl 1553 32,610 553 653 553 663 553 553 653

Incremental Cencer Risk IICRI 8.20E-O6 7.73E-07 8.36E-06 8.36E-O6 1.76E-16

HataidCluotk+ntlHOl B.ieE-01 1.88E-01 7.70E-01 6.16E-01

ICRatTime<100Yean 0.0()E+00 O.00E+00 O.00E+00 O.00E+00 O.00E+00

ICRat 1O0<Tlme< 1,000Yean 8.20E-00 O.00E+00 8.36E-08 8.36E-O6 1.75E-15

ICR at 1,000<Time< 10,OOOYeare 8.20E-O6 O.00E+00 8.36E-08 8.36E-06 O.00E+00

HCI at Time< 100 Yeara 0.00E+00 0.00E+00 O.00E+00 0-.01)E+00

HO at 10O<Tlme< 1,000Yeare 8.18E-01 1.BBE-01 7.70E-01 I5.16E-01

HO at 1.000<71me< 10,OOOYeain 8.18E-0I 1.BBE-Ot 7.70E-01 15-16E-01

d
0
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Table A-18. Resufts for Alternatives 9 and 10 under Hypothetical Wetter Climate Condition (Accoulnting for Leachate Limfts),

tn
?

Parameter Spbnlum Ben-BHC ChlorofolRn 1,2-Dk:hbruetheno Xyleinae

SuD/1Vater Partition Im041 3.'95E+02 2.66E-03 1.29E+00 1.41E4I 1.291E+01

Source Cone. (CO) (m9/L) 8140E-01 2.66E-03 1.28E+90 1.41E+0'I 1.291E+01

LlnerRetardatbn 1.0OE+00 9.77E +01 2.13E+00 2.43E+00 2.90E+00

LinerTrawlTlmelTtllyd 8.06E+01 4.97E+03 1.38E+ 2 1.53E+02 1.771E+02

Conc. Beneath Trench ICtI (me/L) e-40E-Ot 1.89E-03 9.03E-05 3.44E-04 6.156-05

Vadore Tnvel Tim ff7a lyrl 4.71E+02 4.20E+04 9.59E+02 1.09E+03 1.291-* +03

Vadote Zone Dilution IDIL21 1.t'tOE+00 1.00E+00 1.00E+0f1 1.00E+00 1.00E+00

Cone, at Water Table (C2) me/LI 8.40E-01 1.02E-04 1.23E-33 6.10E-37 9.89EI-44

Set. Travel Time (T3) (Vr) 7.83E-01 1.29E+01 8.25E-01 9.62E-01 1.021 +00

Satureted Zone D9utbn; (DIL3) 0.048 0.048 0.048 0.048 OSMlB

Conc. at ERDF EbundarV (G3) Ime/LI 4-04E-02 4.92E-06 5.54E- 2.75E-38 4.44E-45

Radionuclide Cone. (C3) Ipf:l/L)

Source Depletion Tim w/o Ilner (yr) 1.06E+05 2.34E+04 4.97E+07! 6.69E+02 6.8tE +02

Soune Depletion Time-tlopl, (yd 1.06E+05 2.34E+04 4.67E+02 6.39E+02 6.61E +02

SouneDepletbnTEme-ttopl lyrl 1.06E+05 2.34E+04 4.67E+0,2: 5.39E+02 6.51E t02

At ERDF Boundary Total ICR Max. HQ

Trawl Tim IYd 653 47.036 1,098 1.242 1,467

Incremental Ceneer Risk IICRI 1.OBE-07 2.05E-3EI 3E-05

Hazard Quotient (HOI 5.26E-01 8.97E-34 1.92E-37 1.46E-46 ElE-01

ICR at Tlme< 100 Yean O.0OE+00 O.OOE+OD 0E+00

ICR at 100<Tlme< 1,000Yearn O.00E+00 O.00E+00 2E-05

ICR at 1,000<Tlme< 10.000 Yeen O.OOE+OD 2.05E-36 ; 2E-OS

HO at Time< 100Yean O.00E+00 O.00E+01) l1.OOE+00 0.0f1E+00 0E+00

HD at 100<Tkne< 1,0o0Yun 5.28E-01 0.00E+00 0.00E+00 O.00E+00 8E-01

HO at 1.000<TEme< 10.000 Yun 6.26E-01 8.97E-34 1.92E-37 1.46E-46 BE-01

d
0
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APPENDIX B

HELP MODELING RESULTS
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B.1 INT-RODUCTION

Hydrologic modeling was conducted to predict the performance of the barriers and
liners considered for use at the ERDF. Four barriers, including the non-engineered soil cover,
the low-infiltration soil barrier, the modified Hanford barrier, and the Hanford Barrier, were
s:mt:lated to ^ ^^. .t..^ ^epresentat.ve infiltration rates to use in the fate and transport modeling
(Appendix A). Two liners, the single composite liner and the RCRA double composite liner,
were simulated to determine the rate of leakage through the liners.

^^.
,2

,.'.

-: 5

0111

HELP Model. The Hydrologic Evaluation of Landfill Performance (HELP) computer
model was developed by the U.S. Army Corps of Engineers, Hydraulic Engineering Center,
under contract to the U.S. Environmental Protection Agency. The model was originally
developed to provide an easy-to-use tool for the comparison of alternative landfill designs in
meeting the requirements of RCRA compliance standards for the disposal of hazardous waste.
Use of the model has grown considerably in recent years, and it provides a convenient
comparative evaluation of the hydraulic performance of barrier and liner technologies for the
ERDF.

The HELP model is a sophisticated, daily average water balance that considers a wide
variely of meteorological, soils, a_*td geometric parameters, and simulates the hydraulic
performance of landfill liners, waste layers, and cover systems under a variety of hydrologic
conditions. The HELP model was developed to be a comparative tool for the selection of
design approaches that meet RCRA regulatory criteria.

The model was designed to support rapid, detailed, and accurate comparison of landfill
designs. To accomplish this goal, the model contains a series of 5-year default data sets for
climatic conditions across the United States, and default soils and synthetic component
parameters. In addition, the model allows use of site-specific climate, soils and design data, and
supports stochastic generation of climatic parameters. Several sub-models simulate the
following processes: 1) the growth of grass vegetation on the surface of landfill covers, 2) the

-----------_=-=_chailgPlnmef^rinnfnrt^rinfracis"F'ia7IIt(i-SnOw-an{1tr1elne1[!ii ^fsnnw,8nd^ he---- r----r :.,,:...,, pa ) __

unsaturated routing of infiltration through the layers of the surface barrier or the liner system.

Approach. Version 2.05 of the HELP model is used to simulate the performance of
four barrier and two liner technologies for the ERDF. Each of the systems is initially simulated
using the existing 10-year-Hanford-Sire-.cpecific climatic data set. This data set is used in-- - -
consecutive 10-year simulations until the system equilibrated or until 120 years of performance
were simulated. At the end of each 10-year period, the ending moisture content for each layer
is used as the initial moisture content of that layer for the next 10-year simulation. Equilibrium
conditions are assumed when the moisture contents of the layers stabilized or when the
percolation through the system approached a constant value.

The existing 10-year Hanford Site-specific climate data set was developed for the HELP
model by Westinghouse Hanford Company (R'HC) from Hanford Meteorological Station (HMS)
data, collected between January 1, 1979 and December 31, 1988 (Skelly 1990). This 10-year
record provides a reasonable yet conservative representation of historical precipitation for the
site. A statistical analysis of the precipitation data, and presentation of all other meteorological
and climatic data for use in supporting HELP modeling on the Hanford Site is contained in
Skelly (1990).

B-1
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The HELP model soil parameters for each of the barrier and cover systems (except the
non-engineered soil cover) are summarized in Tables B-1 through B-5. The non-engineered soil
cover is discussed in section B.2. The HELP model output files for the final simulation of each
system using Hanford, Washington climatic data are presented in Attachments B-1 through B-6.
Climatic data for Hanford, Washington used in the simulations were provided by Skelly (1990).

Sensitivity of the barrier and liner technologies being considered for the ERDF to
changes in climatic conditions is simulated by using a wetter climatic data set. This second
scenario assumes a change in climate over time, and uses the 5-year default HELP climatic data
for Spokane, Washington. The Spokane climate is significantly wetter than the current Hanford
climate, averaging 39.73 cm ( 15.64 in.) of rainfall, compared with 17.98 cm (7.08 in.) for the
Hanford Site. In addition, average monthly temperatures are milder in Spokane.

For all of the scenarios of barrier systems, an evaporative zone depth of 91.5 cm (36
in.) is used, with a maximum leaf area index of 1.6, representing a poor grass cover. These^...,

_w -1---- ---- ----- ---- valuetareconsidered!ypical-for-grass-existingw:lwut mainte,ance under current Hanford
climate conditions, and are not modified under future climate scenarios, although a fair grass
cover would likely exist under wetter,-milder conditions.

^=z The parameters describing the layers of the barrier and liner systems are developed to
provide comparable results using site and layer-component specific data that are discussed in
detail in the sections below. However, several generalizations can be made regarding the
relative importance of parameters with respect to model performance. Based on sensitivity
analyses conducted by the model's authors during development, and on experience using the
model in and climates, the most important parameters affecting model results are the saturated
hydraulic conductivity of each layer, the depth of the rooting zone, and the maximum leaf area
index of the vegetation growing on the surface of the barriers. The vegetation can be very
effective at enhancing evapotranspiration, and limiting the amount of water available for deep
infiltration. The hydraulic conductivity of the soils layers limits the rate at which infiltration
migrates through the landfill components. Finally, the initial moisture content, the porosity, and
the field capacity of each layer determine how much storage and free drainage may occur from
each layer. The best estimates available for each of these parameters were used in simulating
the barrier and liner technologies for the ERDF. The predicted hydraulic performance of each
of the barrier and liner systems is discussed in the sections below. HELP model input files and
output summaries of the parameters for each barrier and liner system are attached at the end of
this appendix.

B.2 NON-ENGINEERED SOIL COVER

The non-engineered soil cover is simulated as a single vertical drainage layer. The
barrier is composed of native soil, 460 cm (15 ft) thick, placed as an uncontrolled
(uncompacted) fill, with a resulting hydraulic conductivity of 1x10' cm/sec. The initial
moisture content of the fill was selected as .062 (6.2%), equal to the field capacity of the soil.

Under current Hanford Site climatic conditions, the moisture content of the single
barrier layer stabilized at 0.0635 or 6.4% moisture within 80 years, and the average annual
percolation through the layer stabilized at 0.035 cm/yr (0.014 in./yr).

B-2
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The non-engineered soil cover is also simulated using the present Spokane climate data,
representing a future change in climate to wetter conditions. This scenario is simulated for only
a 20 year period, at which time the moisture content approaches equilibrium. Percolation
!hrouglt-t}!e cover at rhe end of 20 yea s exceeded 8.6 cm/yr (3.4 in./yr).

B.3 LOW-INFII.TRATION SOIL BARRIER

The low-infiltration soil barrier is simulated as a three layer, vertical drainage system,
with a total thickness of 460 cm (15 ft) from the surface to the top of the interim soil cover.
The top layer is defined as a 30-cm thick uncompacted silt and gravel admixture with a
hydraulic conductivity of 1x10-' cm/sec. The second layer was defined as a 30-cm thick
compactedsiltwithahydraulic conductivity of 1.6x101 cm/sec. The bottom laver was defined
as a 400-cm (13-ft) thick uncontrolled (uncompacted) fill using native soil. Initial moisture

:`; : contents were set at field capacity for each layer. Layer parameters are summarized in
J7 Table B-1.

The low-infiltration soil barrier is simulated under current Hanford Site climatic
conditions for a 110 year period. The percolation from the lowest layer was 0.00025 cm/yr
(0.0001 in./yr) at 100 years. The moisture content of this layer was continuing to decrease as
the barrier system dewatered, and at 100 years was mid-way between the field capacity and the
wilting point defined for this soil type.

Under present day Spokane climatic conditions, percolation from the low-infiltration soil
barrier after a 20 year simulation was 4.75 cm/yr (1.87 in./yr). The moisture content of the
upper layer decreased while the moisture content of the lower layers increased from initial
conditions during the simulation. Stable results were observed after 20 years.

B.4 MODIrIED HANFORD BARRIER

The modified Hanford barrier is a multi-layered barrier system with a total thickness of
470 cm (15.4 ft) from the surface to the top of interim soil cover. A brief summary of the
layers is as follows:

• Surface layer - uncompacted 50-cm (20-in.) thick silt and gravel admix

• Second layer - compacted 50-cm (20-in.) thick silt

• Third layer - 300-cm (118-in.) thick uncontrolled (uncompacted) fill

• Fourth layer - 15-cm (6-in.) thick sand filter

• Fifth layer - 15-cm (6-in.) thick gravel filter

• Sixth layer - 15-cm (6-in.) thick gravel drainage layer

= Seventh layer - i5-cm (6-in.) thick asphalt with spray-applied top coat

B-3
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Eighth layer - 10-cm (4-in.) thick base course

The defining layer parameters are summarized in Table B-2.

Under the current Hanford Site climate, the estimated average annual percolation
through the modified Hanford barrier is 0.0017 cm (0.0007 in.), and approaches a stable value
at 120 years of simulation.

The estimated average annual percolation through the modified Hanford barrier under
the present Spokane climate is 0.31 cm (0.12 in.) and has reached a stable value at the end of
20 years.

B.5 HANFORD BARRIER

.._'
•.4..1

7r^ The Hanford Barrier is a multi-layered barrier system with a total thickness of 450 cm
(14.75 ft) from the surface to the top of interim soil cover. A brief summary of the layers is as

LID follows:
r,.x
r";-5

• Surface layer - 100-cm (39-in.) thick silt and gravel admix
- top 50-cm ( 19-in.) uncompacted; bottom 50-cm (19-

in.) compacted.

• Second layer - compacted, 100-cm (39-in.) thick silt

• Third layer - 15-cm (6-in.) thick sand filter

• Fourth layer - 30-cm (12-in.) thick gravel filter

• Fifth layer - 150-cm (60-in.) thick crushed basalt

• Sixth layer - 30-cm (12-in.) thick drainage rock layer

• Seventh layer - 15-cm (6-in.) thick asphalt with spray applied top coat

• Eighth layer - 10-cm (4-in.) thick base course

The defming layer parameters are summarized in Table B-3. To accurately reflect the hydraulic
properties of the top layer, the lower half of this layer was compacted and assigned the same
properties as layer 2. Therefore, the thicknesses of the first two layers shown in attachment B-4
are 50-cm (19-in.) and 150-cm (59-in.), respectively.

Under the current Hanford Site climate, the estimated average annual percolation
through the Hanford Barrier is zero; at no time during the 110 year simulation period did any
infiltration percolate through the Hanford Barrier system. Under and climatic conditions, the
HELP Model does not adequately model the capillary break effect of the crushed basalt layer of
the Hanford Barrier system. Water slowly accumulates (at a decreasing rate) in the crushed
basalt layer as the layers above dewater, rather than remaining in the overlying silt layer.
However, the water accumulating in the basalt does not migrate downward, and the results are
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unaffected. No water drains into the lateral drainage layers during the 110 year simulation.
The water content in the crushed basalt rises at a decreasing rate from just over 2 percent at the
beginning of the simulation to just under 7 percent at 110 years. -

The behavior of the same layer under the Spokane climatic conditions is normal. Water
accumulates more rapidly in the basalt layer and flows into the lateral drainage layer below,
where it migrates laterally to the collection system and downward into the barrier layer. The
similarity in behavior between the Hanford Barrier and the modified Hanford barrier under
Spokane climatic conditions suggests that percolation through the Hanford Barrier is expected to
be similar to percolation through the modified Hanford barrier.

The estimated average annual percolation through the Hanford Barrier under the present
Spokane climate is 0.32 cm (0.12 in.), and is approaching a stable value at the end of 20 years.

B.6 SINGLE COMPOSITE LINER

The single composite liner is a multi-media, multi-component system designed to limit
infiltration and collect any leachate generated during the construction and filling phases of
facili.ry operation. The total thickness of the iiner system is 120 cm (4 ft) and is comprised of a
30-cm ( 12-in.) thick compacted clay admix, overlain by a geocomposite liner system and a
90-c.m.-(36 :r..-)-t3tick-operatior,a layer:-'Phe geocomposite is made up of a primary 60-mil high
density polyethylene (HDPE) geomembrane liner, overlain by a primary drainage gravel
sandwiched between layers of geotextile, which function as a bottom cushion and a top separator
from the operations layer.

The HELP model formulation uses three layers to simulate the performance of this liner
system: a vertical drainage layer represents the operations layer, a lateral drainage layer
represents the geotextile/drainage gravel component, and a geomembrane/clay liner represents
the barrier. Specific soil properties are summarized in Table B-4. The hydraulic conductivity
of the barrier layer is 1x10` cm/sec; the leakance factor for the HDPE liner is 1x10'. The
HELP model simulations assumed that precipitation falls directly onto the operations layer of the
liner system, and do not attempt to simulate the properties of waste or interim cover layers.

-The-resuits indicate that no infiltration passes through the single composite liner system
during a 50 year simulation period. During the simulation period, all lateral drainage flow in
the second layer is assumed to flow to a collection sump where it is removed by submersible
pumps.

B.7 RCRA DOUBLE COMPOSITE LINER

The RCRA Subtitle-C double composite liner system is a more complex, redundant
"' :....g,.te ..._N••- ':--- ---- '°PT,. 1C.^. 0'.e s,.ca^A.a.ositc uucr svsteiri aescllbPdiln-theprevions section,-wiLh a total------- ....

thickness of 240 cm (8 ft). This liner system_hasabase compacted clay admix layer 90 cm
,^_...•

(3o in.) mIcK mat is overlain by a secondary geocomposite liner system. This geocomposite is
identical to the geocomposite described in the pervious section; the secondary drainage gravel
component is 30 cm (12 in.) thick. Over the secondary geocomposite is a primary
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geocomposite liner system. Its components are identical to the secondary geocomposite system.
The primary HDPE liner is placed directly over the secondary geotextile separator layer. The
primary drainage gravel layer is also 30 cm (12 in.) in thickness. The 90 cm (36 in.)
operations layer is placed directly on the primary separator geotextile.

The-HELP-model-fornulation-rses five layers to siaTiuiate the performance of this liner
system: a vertical drainage layer represents the operations layer, a lateral drainage layer
represents the primary geotextile/drainage gravel component, a geomembrane/clay liner
represents the primary barrier, a lateral drainage layer represents the secondary
geotextile/drainage gravel component, and a geomembrane/clay liner represents the secondary
barrier. Specific soil properties are summarized in Table B-5.

The hydraulic conductivity of the secondary barrier layer is assumed to be ix10-'
£m/see. -However,-hrsimttlate the performance of the secondary iiner system requires
modification of the parameters of the primary liner system. (The performance of the primary
barrier layer alone is simulated in the previous section.) Therefore, the hydraulic conductivity

-------of Lhe-primdry barrter-Iayer ts?Ssnmw m be ixivZ ciTusee, an artificially high value. The
leakance factor for the primary HDPE liner is assumed to be lxl0°. This combination of
parameters provides an estimate of a leaky primary liner, allowing evaluation of the

performance of the secondary liner system. The HELP model simulations assumed that
precipitation falls directly onto the operations layer of the liner system, and do not attempt to
simulate the properties of waste or interim cover layers.

The results indicate that no infiltration passes through the double composite liner system
during a 50 year simulation period. During the simulation period, all lateral drainage flow in
the second layer is assumed to flow to a collection sump where it is removed by submersible
pumps.

B.8 SUMMARY AND CONCLUSIONS

Examination of the HELP model output for the ERDF barrier systems indicates the
following:

Under current Hanford Site climate conditions, the average percolation
rate for the non-engineered soil cover was 0.035 cm/yr (.014 in./yr).
The percolation rates for the remaining cover systems was below 0.002
cm/yr (.0008 in./yr) at the end of 110 years.

• Under wetter climatic conditions, using present day Spokane climate
data,-the-norr-er,gineered-soii cover and the low-infiltration soil barrier
systems-allowed significantly-more-infiltration{bet-ween 5-and-8-cm/yr
[2 to 3 in./yr]) than the modified Hanford and Hanford Barrier systems.
The modified Hanford and Hanford Barriers perform better because
lateral drainage occurs above the asphalt layers, thereby reducing the
amount of water infiltrating through the bottom of the barriers.

Under wetter climatic conditions, the Modified Hanford and Hanford
Barriers systems have similar annual average infiltration rates on the
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order of 0.32 cm/yr (0.12 in./yr), which is equivalent to the saturated
- --hydraulic i:vnductivi'ry of the barrier layer of 1 x 10^ cm/sec.

Under the and conditions of the Hanford Site, the HELP model does not
adequately model the performance of the crushed basalt layer payer 5)
of the Hanford Barrier. Under the conditions provided by the wetter
Spokane climate data, the model appears to have adequately simulated
the performance of the crushed basalt.

Examination of the HELP model output for the liner systems indicates the following:

The two composite liner systems exhibit essentially identical
performance. As long as the geomembrane/clay liner components
remain intact, no percolation flows through the liner system.

..,^.._
si

y^f

i v

-^....
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Table B-1. HELP Parameters for Low-Infiltration Soil Barrier.

Hydraulic Moiature Content Percolation (cm/yr)

Layer Conductivity

(cm/eec)

Effective

Poroeity

Field

Capacity

wilting

Point lnitial Final Initial Final

I x 10'' .4603 .2272 .0632 .2272 .1173 NA NA

2 1.6 x 106 .3702 .2109 .0500 .2109 .0500 NA NA

3 1 x 10r' .4370 .0620 .0240 .0620 .0394 .0200 .00025

NA - Not applicable.
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Table B-2. HELP Parameters for Modified Hanford Barrier.

- ---- -----
Hydrsulic

------C i i

- - -
-

Moisture Content Pecolrtion (emlyr)
l.syer onduct v ty

(cm/sea)

Effettive

Porositv

Field

Capacity

Wilting

Point Initid Final Initial Final

I I x 10" .4603 .2272 .0632 .2272 .0944 NA NA

2 1.6 x 106 .3720 . 2109 .0500 .2109 .0510 NA NA

3 I.Ox10' .4370 .0620 .0240 .0400 .0528 NA NA

4 1.6 x IM .3509 .0705 .0326 .0705 .0694 NA NA

5 5 x 10' .3178 .0391 .0200 .0391 .0347 NA NA

6 i x 1U' .4170 .0454 . 0200 .0454 .0454 NA NA

7 1 x 10' .0220 .0210 .0200 .0220 .0220 . 1400 .0015

8 I x 10' .4370 . 0620 . 0240 . 0620 .0300 NA NA

NA - Not applicable.

B-9



DOE/RL-93-99, Rev. 0

Table B-3. HELP Parameters for Hanford Barrier.

Hydraulic Moisture Content Percolation (cnJyr)
Lryer Conductivity

(cmha)

Effective

Porosity

Field

Capacity

Wilting

Point Initial Final Initial Final

1 I x 10' .4603 .2272 .0632 .2272 .0954 NA NA

2 1.6 x 10" .3702 .2109 .0500 .2109 .0543 NA NA

3 1.6 x 10' .3509 .0705 . 0326 .0705 .0706 NA NA

4 5 x 10' .3178 .0391 .0200 .0391 .0362 NA NA

5 1 x 10' .4170 .0210 .0200 .0210 .0699 NA NA

6 1 x 10° .4170 .0454 .0200 .0454 .0454_ Na. _ N n

7 I x 10' .0220 .0210 .0200 .0210 .0210 0 0

8 I x 10' .4170 .0450 .0200 .0450 .0259 NA NA

NA - Not applicable
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Table B-4. HELP Parameters for Single Composite Liner.

Hydraulic Moisture Content Percolation (cMyr)

Layer Conductivity

cmlaec

Effective

Porosi

Field

Ca aci

Wilting

Point Initi al Final Initial Final

I I x 10' .4370 .0622 .0240 .0622 .0454 NA NA

2 1 x 10" .4170 .0454 .0200 .0454 .0454 NA NA

3 1 x 10' .4300 .3660 .2800 .3660 .3660 0 0

NA - Not applicable -
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Table B-5. HELP Parameters for RCRA Subtitle-C Double Composite Liner.

_
Layer

Hydraulic
Conductivity EfPective Field Wiltin

nqoi•tun Content Percolation (eMyd

(cm/eec) Porosi ty Ca eci
g

Point Initial Final Initial Final

I I x I0 ' .4370 .0622 .0240 .0622 .0454 NA NA
2 1 x 10' .4170 .0454 .0200 .0454 .0454 NA NA
3 1 x IQ' .4300 .3660 .2800 .3660 .3660 NA NA
4 1 x 10' .4170 .0454 .0200 .0454 .0454 NA NA
5 1 x 1e' .4300 .3660 .2800 .3660 .3660 0 0

NA - Not applicable.
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Attachment B-1. HELP Output File for the Non-engineered Soil Cover.

SAIC/ERDF, EIS/FS/ WA 923-E412
CASE 1- NO ENGINEERED COVER
3/10/94 YEARS 70-80 CASEIJV5.OUT

Soils Data

LAYER I
VERTICAL PERCOLATION LAYER

THICKNESS = 181.00 INCHES
POROSITY = 0.4370 VOL/VOL
FIELD CAPACITY = 0.0620 VOL/VOL
WILTING POINT = 0.0240 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0635 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.001000000047 CM/SEC

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE __ __ _
INITIAL VEG. STORAGE _
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

= 77.00
43560. SQ FT

= 36.00 INCHES
_ 15.7320 INCHES

2.2860 INCHES

= 0.0000 INCHES

= 11.4935 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR YAKIIvIA, WASHINGTON

MAXIMUM LEAF AREA INDEX = 1.60
START OF GROWING SEASON (JULIAN DATE) = 124
END OF GROWING SEASON (JULIAN DATE) = 276

NORMAI. MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT
28.20 36.10 41.90 49.20 57.30
70.40 68.60 60.90 49.90 38.20

MAY/NOV JUN/DEC
64.50
31.50
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Resul ts

AVERAGE MONTHLY VAL _T:5<N INCHES FOR YEARS 79 THROUGH 8
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.78 0.75 0.66 0.44 0.50 0.42

0.18 0.09 0.51 0.41 1.09 1.25

STD. DEVIATIONS 0.53 0.46 0.29 0.40 0.41 0.40
0.:4 0.12 0.28 0.40 0.57 0.60

PUNlJLC

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION
TOTALS 0.630 1.060 0.818 0.487 0.730 1.257

0.516 0.084 0.245 0.249 0.505 0.489

STD. DEVIATIONS 0.121 0.311 0.479 0.241 0.391 0.637
0.436 0.092 0.132 0.120 0.268 0.137

PERCOLATION FROM LAYER I
TOTALS 0.0011 0.0010 0.0011 0.0011 0.0012 0.0012

0.0012 0.0012 0.0012 0.0012 0.0012 0.0012

STD. DEVIATIONS 0.0004 0.0003 0.0004 0.0003 0.0004 0.0003
0.0004 0.0004 0.0003 0.0004 0.0003 0.0004

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 79 THROUGH 88
(INCHES) (CU. FT.) PERCENT

PRECIPITATION 7.08 (2.085) 25715. 100.00

RUNOFF 0.000 ( 0.000) 0. 0.00

EVAPOTRANSPIRATION 7.069 ( 1.762) 25662. 99.79

PERCOLATION FROM LAYER 1 0.0139 (0.0042) 51. 0.20

CHANGE IN WATER STORAGE 0.001 (0.708) 3. 0.01
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PEAK DAILY VALUES FOR YEARS 79 THROUGH 88
(INCHES) (CU. FT.)

PRECIPITATION 0.93 3375.9

RUNOFF 0.000 0.0

PERCOLATION FROM LAYER 1 0.0001 0.2

SNOW WATER 0.75 2734.6

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1214

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0238

FINAL WATER STORAGE AT END OF YEAR 88
LAYER (INCHES) (VOL/VOL)

1 11.50 0.0635

SNOW @YATF.R 0.00
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Attachment B-2. HELP Output File for the Low-Infiltration Soil Barrier.

SAIC/ERDF-EIS,FS/ WA 923-E412
CASE_22 - THICK SOIL COVF.R; ANAi.VSI.c ^B^

3/10/94 YEARS 100-110 CAS2B1V6.OUT

----------------*aaaa*aaa**^`*** ***`+"""":=*..sx*r.+* :r.*.:::.::.ss:.e::s:

Soils Data

LAYER 1
VERTICAL PERCOLATION LAYER

•^-•^^
lL
•^ ^ •

l.t1bS.l7U 1N

POROSITY = 0.4603 VOL/VOL
FIELD CAPACITY - - 0:2272- VOLNOL
WILTING POINT = 0.0632 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1173 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000989999971 CM/SEC

LAYER 2
VERTICAL PERCOLATION LAYER

THICxntESS = 12.00 INCHES
POROSITY = 0.3702 VOL/VOL
FIELD CAPACITY = 0.2109 VOL/VOL
WILTING POINT = 0.0500 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0500 VOL/VOL
SA 1viRAinD HYDRAUi.IC CONDUc:11VITY = 0.000001600000 CM/SEC

LAYER 3
VERTICAL PERCOLATION LAYER

THICKNESS = 157.50 INCHES
POROSITY = 0.4370 VOLNOL
FIELD CAPACITY = 0.0620 VOL/VOL
WILTING POINT = 0.0240 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0407 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.001000000047 CM/SEC

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE

77.00
= 43560. SQ FT
= 36.00 INCHES
= 15.2100 INCHES

_ 2.49601N[_'HF_C
= 0.0000 INCHES

IN
SOIL AND WASTE LAYERS = 8.4178 INCHES
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SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR YAKIMA, WASHINGTON

;1AX.','.1U;v1 LEAF AREA INDEX = 1.60
START OF GROWING SEASON (JULIAN DATE) = 124

END OF GROWING SEASON (JULIAN DATE) = 276

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
28.20 36.10 41.90 49.20 57.30 64.50
70.40 68.60 60.90 49.90 38.20 31.50

Resul ts

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 79 THROUGH 88
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.78 0.75 0.66 0.44 0.50 0.42

0.18 0.09 0.51 0.41 1.09 1.25

STD. ^vEVIATIOivS "u.5"s 0.46 0.29 0.40 0.41 0.40
0.14 0.12 0.28 0.40 0.57 0.60

RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION
TOTALS 0.535 1.015 1.289 0.565 0.649 1.166

0.467 0.080 0.267 0.237 0.440 0.393

STD. DEVIATIONS 0.148 0.392 0.631 0.268 0.400 0.672
0.412.-0A890.140 0.117 0.254 0.125

PERCOLATION FROM LAYER 3
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.M 0.0000

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 79 THROUGH 88
Si,TCHES) (CU. FT.) PERCENT

PRECIPITATION 7.08 ( 2.085) 25715. 100.00

RUNOFF 0.000 ( 0.000) 0. 0.00

EVAPOTRANSPIRATION 7.104 ( 2.007) 25787. 100.28

PERCOLATION FROM LAYER 3 0.0001 (0.0000) 0. 0.00

CHANGE_IN WATER STORAGE -0.020 ( 0.958) -73. -0.28

PEAK DAILY VALUES FOR YEARS 79 THROUGH 88
(INCHES) (CU. FT.)

PRECIPITATION 0.93 3375.9

RUNOFF 0.000 0.0

PERCOLATION FROM LAYER 3 0.0000 0.0

SNOW WATER 0.75 2734.6

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1464

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0457

FINAL WATER STORAGE AT END OF YEAR 88
LAYER (INCHES) (VOL/VOL)

1 1.41 0.1173

2 0.60 0.0500

3 6.21 0.0394

SNOW WATER 0.00
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Attachment B-3. HELP Output for the Modified Hanford Barrier.

SAIC/ ERDF - EIS,FS/ WA 923.E412
CASE 7- MODIFIED HANFORD BARRIER, FSS & JSV ANALYSIS
5/23/94 Years 100-110 Cas7JVl1.out

Soils Data

LAYER I
VERTICAL PERCOLATION LAYER

THICKNESS = 19.70 INCHES
POROSITY = 0.4603 VOL/VOL
FIELD CAPACITY = 0.2272 VOL/VOL
WILTING POINT = 0.0632 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0944 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000989999971 CM/SEC

--•---- 2LAYhK^ - ------- --

VERTICAL PERCOLATION LAYER
THICKNESS = 19.70 INCHES
POROSITY = 0.3720 VOL/VOL
FIELD CAPACITY = 0.2109 VOL/VOL
WILTING POINT - Q.4500 VOL/VOL
iNi iAi. SOIL WATER CONTENT = 0.0510 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000001600000 CM/SEC

LAYER 3
VERTICAL PERCOLATION LAYER

THICKNESS = 118.10 INCHES
POROSITY = 0.4370 VOL/VOL
FIELD CAPACITY = 0.0620 VOL/VOL
WILTING POINT = 0.0240 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0529 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000989999971 CM/SEC

LAYER 4
VERTICAL PERCOLATION LAYER

THICKNESS = 5.90 INCHES
POROSITY = 0.3509 VOL/VOL
FIELD CAPACITY = 0.0705 VOL/VOL
WILTING POINT = 0.0326 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0793 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000154999987 CM/SEC
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LAYER 5
VERTICAL PERCOLATION LAYER

THICKNESS = 5.90 INCHES
POROSITY = 0.3178 VOL/VOL
FIELD CAPACITY = 0.0391 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0382 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000500000024 CM/SEC

LAYER 6
LATERAL DRAINAGE LAYER

THICKNESS = 5.90 INCHES
POROSITY = 0.4170 VOL/VOL

FIELD CAPACITY = 0.0454 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0454 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 1.000000000000 CM/SEC
SLOPE 2.00 PERCENT
DRAINAGE LENGTH = 760.0 FEET

LAYER 7
BARRIER SOIL LINER

THICKNESS = 5.91 INCHES
rPGRuSITY (L0220VOL/VOL
FIELD CAPACITY = 0.0210 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0220 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000010000 CM/SEC

LAYER 8
VERTIi.A'L PERIAJLATIVN LAYER

THICKNESS = 3.90 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0321 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.009999999776 CM/SEC

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAP-OR.ATIVE?ONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE _
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN

= 77.00
= 43560. SQ FT
_ --- -36.00 IN£f;ES
= 15.1315 INCHES

2.6910 INCHES
= 0.0000 INCHES

SOIL AND WASTE LAYERS = 10.3282 INCHES
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SOIL WATER COivinNT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

-1JSER cPECIFIED _RAII•JEALL ?3lITH-SYl riHETIC DAILY TEMPERATURES AND
SOr ,qR RenrATdON FOR YA:;;:A ^vrASHiivui0iv

MAXIMUM LEAF AREA INDEX = 1.60
START OF GROWING SEASON (JULIAN DATE) = 124
END OF GROWING SEASON (JULIAN DATE) = 276

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

Janr/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
^-..- -- - --- ----- ------- -----
Rr;-

28.20 36.10 41.90 49.20 57.30 64.50
70.40 68.60 60.90 49.90 38.20 31.50

_,..^
RESULTS

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 79 THROUGH 88
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.78 0.75 0.66 0.44 0.50 0.42

0.18 0.09 0.51 0.41 1.09 1.25

STD. DEVIATIONS 0.53 0.46 0.24 n_a0 0.4I 0.40
0.14 0.12 0.28 0.40 0.57 0.60

RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
-0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION
TOTALS 0.524 1.057 1.258 0.529 0.647 0.984

0.644 0.083 0.249 0.237 0.435 0.438

STD. DEVIATIONS 0.166 0.416 0.678 0.278 0.442 0.667
0.506 0.091 0.123 0.106 0.247 0.150

LATERAL DRAINAGE FROM LAYER 6
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM LAYER 7
TOTALS 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM LAYER 8
TOTALS 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

,; p^^

i* * AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 79 THROUGH 88
(INCHES) (CU. FT.) PERCENT

PRECIPITATION 7.08 (2.085) 25715. 100.00

RUNOFF 0.000 ( 0.000) 0. 0.00

EVAPOTRANSPIRATION 7.084 ( 2.070) 25715. 100.00

LATERAL DRAINAGE FROM 0.0000 ( 0.0000) 0. 0.00
LAYER 6

PERCOLATION FROM LAYER 7 0.0017 (0.0000) 6. 0.02

PERCOLATION FROM LAYER 8 0.0017 ( 0.0000) 6. 0.02

CHANGE IN WATER STORAGE -0.002 ( 0.984) -6. -0.02

PEAK DAILY VALUES FOR YEARS 79 THROUGH 88
(INCHES) (CU. FT.)

PRECIPITATION 0.93 3375.9

RUNOFF 0.000 0.0

LATERAL DRAINAGE FROM LAYER 6 0.0000

PERCOLATION FROM LAYER 7 0.0000 0.0

HEAD ON LAYER 7 0.0

PERCOLATION FROM LAYER 8 0.0000 0.0

0.0
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SNOW WATER 0.75 2734.6

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1594

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0570

FINAL WATER STORAGE AT END OF YEAR 88
LAYER (INCHES) (VOL/VOL)

1 1.86 0.0944

2 1.00 0.0510

3 6.23 0.0528
,..,

4 0.47 0.0792

5 0.23 0.0382

0.27 0.0454
^w...

7 0.13 0.0220

8 0.13 0.0321

SNOW WATER 0.00
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Attachment B-4. HELP Output File for the Hanford Barrier.

SAIC/ ERDF EIS/RC/FS/ WA. 923-E412
CASE 4 - HANFORD BARRIER
3/10/94 YEARS 100-110 CAS4JVII.OUT

- -Soils Data

LAYER I
VERTICAL PERCOLATION LAYER

THICKNESS = 19.37 INCHES
;°e x POROSITY = 0.4603 VOL/VOL

•^..^ FIELD CAPACITY = 0.2272 VOL/VOL
WILTING POINT = 0.0632 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0954 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000992999994 CM/SEC

LAYER 2
VERTICAL PERCOLATION LAYER

THICKNESS = 59.37 INCHES
POROSITY = 0.3702 VOL/VOL
FIELD CAPACITY = 0.2109 VOL/VOL
WILTING POINT = 0.0500 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0556 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000001600000 CM/SEC

LAYER 3
VERTICAL PERCOLATION LAYER

THICKNESS = 5.91 INCHES
POROSITY = 0.3509 VOL/VOL
FIELD CAPACITY = 0.0705 VOL/VOL
WILTING POINT = 0.0326 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0714 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000154999987 CM/SEC

LAYER 4
VERTICAL PERCOLATION LAYER

THICKNESS = 11.81 INCHES
POROSITY = 0.3178 VOL/VOL
FIELD CAPACITY = 0.0391 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0367 VOL/VOL
SATURATED HYDRAULIC. CONDUCTIVITY = 0.000500000024 CM/SEC
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LAYER 5
VERTICAL PERCOLATION LAYER

THICKNESS = 59.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0210 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0697 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0. 10000000 1490 CM/SEC

LAYER 6
LATERAL DRAINAGE LAYER

THICKNESS = 11.80 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0454 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0454 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 1.000000000000 CM/SEC
SLOPE = 2.00 PERCENT
DRAINAGE LENGTH = 760.0 FEET

LAYER 7
BARRIER SOIL LINER

THICKNF.c.S = 5.911NCHES
POROSITY = 0.0220 VOL/VOL
FIELD CAPACITY = 0.0210 VOL/VOL
WILiING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0210 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000010000 CM/SEC

LAYER 8
VERTICAL PERCOLATION LAYER

THICKNESS = 3.95 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0261 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.009999999776 CM/SEC

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE _
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

= 77.00
= 43560. SQ FT
= 36.00 INCHES
= 15.0724 INCHES

2.7725 INCHES
= 0.0000 INCHES
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SOIL WATER CONTENT INITIALIZED BY USER,

CLIMATOLOGICAL DATA

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR YAKIMA, WASHINGTON

MAXIMUM LEAF AREA INDEX = 1.60
START OF GROWING SEASON (JULIAN DATE) = 124
END OF GROWING SEASON (JULIAN DATE) = 276

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
28.20 36.10 41.90 49.20 57.30 64.50
70.40 68.60 60.90 49.90 38.20 31.50

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 79 THROUGH 88
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS 0.78 0.75 0.66 0.44 0.50 0.42
0.18 0.09 0.51 0.41 1.09 1.25

STD. DEVIATIONS 0.53 0.46 0.29 0.40 0.41 0.40
0.14 0.12 0.28 0.40 0.57 0.60

RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION
TOTALS 0.526 1.065 1.254 0.546 0.591 1.024

0.658 0.083 0.248 0.234 0.424 0.439

STD. DEVIATIONS 0.168 0.418 0.680 0.319 0.380 0.672
0.515 0.091 0.123 0.106 0.241 0.152

LATERAL DRAINAGE FROM LAYER 6
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM LAYER 7
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TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM LAYER 8
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 79 THROUGH 88
(INCHES) (CU. FT.) PERCENT

U-1
e;a`t

PRECIPITATION 7.08 ( 2.085) 25715. 100.00

RUNOFF 0.000 ( 0.000) 0. 0.00
-;°-
cr,, EVAPOTRANSPIRATION 7.092 ( 2.055) 25744. 100.11

LATERAL DRAINAGE FROM 0.0000 ( 0.0000) 0. 0.00
LAYER 6

PERCOLATION FROM LAYER 7 0.0000 ( 0.0000) 0. 0.00

PERCOLATION FROM LAYER 8 0.0001 ( 0.0000) 0. 0.00

CHANGE IN WATER STORAGE -0.008 ( 1.009) -29. -0.11

PEAK DAILY VALUESFOR YEARS 79 THROUGH 88
(INCHES) (CU. FT.)

PRECIPITATION 0.93 3375.9

RU*:OFF 0.000 0.0

LATERAL DRAINAGE FROM LAYER 6 0.0000 0.0

PERCOLATION FROM LAYER 7 0.0000 0.0

HEAD ON LAYER 7 0.0

PERCOLATION FROM LAYER 8 0.0000 0.0

SNOW WATER 0.75 2734.6
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*.:AXI.iUi^: VcG. S^viL ^wATER (VOL/VOL) 0.1587

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0569

FINAL WATER STORAGE AT END OF YEAR 88
LAYER (INCHES) (VOL/VOL)

1 1.85 0.0954

2 3.22 0.0543

3 Q t2 n n^nc
v.v ivv

4 0.43 0.0362

5 4.12 0.0699

6 0.54 0.0454

7 0.12 0.0210

8 0.10 0.0259

SNOW WATER 0.00
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Attachment B-5. HELP Output File for the Single Composite Liner System.

SAIC/ ERDF EIS-RI-FS /WA 923-E412
CASE 3 - SINGLE COaiiPOSflF. Li3YER

3/7/94 YEARS 0 - 10 CASE5FSI.W51

Soils Data

;._.,

%'r^

.^;`.

V evrn i
Ll1 I GR 1

VERTICAL PERCOLATION LAYER
THICKNESS = 36.00 INCHES
POROSITY = 0.4370 VOL/VOL
FIELD CAPACITY = 0.0622 VOL/VOL
WILTING pOLr!T = 0.0240 VOL;VOL
INITIAL SOIL WATER CONTENT = 0.0622 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000099999968 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER
THICKNESS = 12.00 INCHES
POROSiTY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0454 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0454 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 1.000000000000 CM/SEC

LAYER 3
BARRIER SOIL LINER

THICKNESS = 12.00 INCHES
POROSITY = 0.4300 VOL/VOL
FIELD CAPACITY = 0.3660 VOL/VOL
WILTING POINT = 0.2800 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3660 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC

GENERAL SIMULATION DATA

INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS = 7.1760 INCHES

SCS RUNOFF CURVE NUMBER = 77.00
TOTAL AREA OF COVER = 43560. SQ FT
EVAPORATIVE ZONE DEPTH = 36.00 INCHES
UPPER LIMIT VEG. STORAGE = 15.7320 INCHES
INITIAL VEG. STORAGE = 2.2392 INCHES
INITIAL SNOW WATER CONTENT = 0.0000 INCHES
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SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION F€3R YAKIMA. WASHINGTON

MAXIMUM LEAF AREA INDEX = 1.60
START OF GROWING SEASON (JULIAN DATE) = 124
END OF GROWING SEASON (JULIAN DATE) = 276

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

28.20 36.10 41.90 49.20 57.30 64.50
70.40 68.60 60.90 49.90 38.20 31.50

Results

AVERAGE MONTHLY_VALIIFSIN_INCHES FOR-YEA??S -79-TFIROUGH--800
c+ - JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

. 0.50 0.42TOTALS 0.78 0.75 0.60 0.4A
0.18 0.09 0.51 0.41 1.09 1.25

STD. DEVIATIONS 0.53 0.46 0.29 0.40 0.41 0.40
0.14 0.12 0.28 0.40 0.57 0.60

RUNOFF
T-OTALS 0.000- 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPORATION
TOTALS 0.565 1.020 0.919 0.513 0.713 1.232

0.646 0.084 0.262 0.264 0.485 0.441

STD. DEVIATIONS 0.115 0.247 0.508 0.239 0.326 0.596
0.603 0.089 - 0.138 -0.140 0.267 0.112

PERCOLATION FROM LAYER 3
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 79 THROUGH 88
(INCHES) (CU. FT.) PERCENT

PRECIPITATION 7.08 ( 2.085) 25715. 100.00

RUNOFF 0.000 (0Q000) A. 0.00

EVAPOTRANSPIRATION 7.145 ( 1.842) 25935. 100.85

PERCOLATION FROM LAYER 3 0.0000 (0.0000) 0. 0.00

--------- -----------CHANGE IN WATF.R STORAGE 0.061 ( 0.762) 220. 0.85

PEAK DAILY VALUES FOR YEARS 79 THROUGH 88
(INCHES) (CU. FT.)

,s s_J

PRECIPITATION 0.93 3375.9
^

RUNOFF 0.000 0.0
..,v

PERCOLATION FROM LAYER 3 0.0000 0.0

HEAD ON LAYER 3 0.0

SNOW WATER 0.75 2734.6

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1232

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0239

FINAI. WATER STORAGE AT END OF YEAR 88
LAYER (INCHES) (VOLNOL)

1 1.63 0.0454

2 0.55 0.0454

3 4.39 0.3660

OAVI\L lL A'TCn n
0lwy1 YYl11Ll[ V.UU
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Attachment B-6. HELP Output File for the RCRA Subtitle-C Double Composite Liner
System.

SAIC /ERDF EIS-RI-FS/ WA 923-E412
CASE 6- DOUBLE COMPOSITE LINER
3/7/94 Years 0- 10 CASE6FS1.W51

Soils Data

LAYER 1
VERTICAL PERCOLATION LAYER

THICKNESS = 36.00 INCHES
POROSITY = 0.4370 VOL/VOL
FIELD CAPACITY = 0.0622 VOL/VOL
WILTING POINT = 0.0240 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0622 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000099999968 CM/SEC

LAYER 2
VERTICAL PERCOLATION LAYER

THICKNESS = 12.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0454 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0454 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.009999999776 CM/SEC

LAYER 3
BARRIER SOIL LINER

THICKNESS = 0.10INCHES
POROSITY = 0.4300 VOL/VOL
FIELD CAPACITY _ _ - 0.3660 VnL/VOL
WILTING POINT = 0.2800 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3660 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.009999999776 CM/SEC

t ♦ vrn
L!1 l GR 4

VERTICAL PERCOLATION LAYER
THICKNESS = 12.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0454 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0454 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.009999999776 CM/SEC
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LAYER 5
BARRIER SOIL LINER

- -- 1HICKNESS = 36.00 INCHES
POROSITY = 0.4300 VOL/VOL
FIELD CAPACITY = 0.3660 VOL/VOL
WILTING POINT = 0.2800 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3660 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000100000 CM/SEC

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER = 77.00
TOTAL AREA OF COVER = 43560. SQ FT
EVAPORATIVE ZONE DEPTH = 36.00 INCHES
UPPER LIMIT VEG. STORAGE = 15.7320 INCHES

.-` INITIAL VEG. STORAGE = 2.2392 INCHES
INITIAL SNOW WATER CONTENT = 0.0000 INCHES
INITIAL TOTAL WATER STORAGE IN

--r„ : SOIL AND WASTE LAYERS = 16.5414 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR YAKIMA, WASHINGTON

MAXIMUM LEAF AREA INDEX = 1.60
START OF GROWING SEASON (JULIAN DATE) = 124
END OF GROWING SEASON (JULIAN DATE) = 276

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
28.20 36.10 41.90 49.20 57.30 64.50

-70:40 - 68:60 -60:90 -49^90 38.20 31.50

Resalts

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 79 THROUGH 88
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 0.78 0.75 0.66 0.44 0.50 0.42

0.18 0.09 0.51 0.41 1.09 1.25
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STD. DEVIATIONS 0.53 0.46 0.29 0.40 0.41 0.40
0.14 0.12 0.28 0.40 0.57 0.60

R N FF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION
TOTALS 0.565 1.020 0.919 0.513 0.713 1.232

0.646 0.084 0.262 0.264 0.485 0.441

STD. DEVIATIONS 0.115 0.247 0.508 0.239 0.326 0.596
0.603 0.089 0.138 0.140 0.267 0.112

PERCOLATION FROM LAYER 3
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM LAYER 5
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

JTD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0,000 O,rxx30 0,0000 n .. ., ,,nJOn n.rvv00 0.0000.,

AVERAGE ANNUAL TOTALS &(STD. DEVIATIONS) FOR YEARS 79 THROUGH 88
(INCHES) (CU.FTJ PERCENT

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

7.08 ( 2.085)

0.000 ( 0.000)

25715. 100.00

0. 0.00

7.145 ( 1.842)

PERCOLATION FROM LAYER 3 0.0000 (0.0001)

PERCOLATION FROM LAYER 5 0.0000 ( 0.0000)

CHANGE IN WATER STORAGE -0.061 (0.762)

25935. 100.85

0. 0.00

0. 0.00

-220. -0.85
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PEAK DAILY VALUES FOR YEARS 79 THROUGH 88
(INCHES) (CU. FT.)

PRECIPITATION 0.93 3375.9

RUNOFF 0.000 0.0

PERCOLATION FROM LAYER 3 0.0000 0.0

HEAD ON LAYER 3 0.0

PERCOLATION FROM LAYER 5 0.0000 0.0

HEAD ON LAYER 5 0.0

SNOW WATER 0.75 2734.6

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1232

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0239

FINAL WATER STORAGE AT END OF YEAR 88
LAYER QNCHESI (VOL/VOL)

1 1.63 0.0454

2 v.54 V.VY54

3 0.04 0.3660

4 0.55 0.0454

5 13.18 0.3660

SNOW WA ER 0.00

..*:^*..*.:.*.<..r,......:.*^:..s*.«.:.«*..«a:.*«:.......:...:.«***«...^
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Attachment B-7. HELP Model Data File: DATA4 - Precipitation Data for
Hanford, Washington.

79 0. 0.0 0. 0. 0. 0. 0. 0.0 0.0 0.2 1
790.16 0. 0. 0.11 0. 0. 0. 0. 0.0 0.0 2
790.0 0. 0.02 0.04 0. 0.0 0.0 0. 0.0 0.01 3
79 0.0 0.0 0.0 0. 0. 0. 0.0 0. 0.0 0. 4
79 0.0 0.01 0.08 0. 0. 0.0 0.03 0.0 0. 0.0 5
79 0.03 0.01 0. 0.0 0.0 0.01 0.0 0. 0. 0. 6
79 0. 0.04 0.06 0.0 0.02 0. 0. 0. 0. 0. 7
790. 0. 0. 0.0 0.0 0. 0. 0. 0. 0. 8
790. 0. 0. 0. 0. 0.42 0. 0. 0. 0. 9
790.0 0.1 0. 0. 0. 0.0 0. 0.01 0.0 0. 10
79 0.03 0.01 0. 0. 0.0 0.08 0.17 0.0 0. 0. 11
79 0. 0.0 0.0 0.04 0. 0. 0. 0. 0. 0.08 12
790,080. ---0. 0.01 0.01-0_ n, 0.0 0,--0. 13

790. 0. 0. 0. 0. 0. 0. 0. 0. 0. 14
79 0. 0.0 0.0 0. 0. 0. 0. 0.0 0. 0. 15
790. 0. 0. 0. 0. 0. 0. 0. 0. 0. 16
790.0 0. 0. 0. 0. 0. 0.0 0.0 0.0 0. 17
790. 0. 0. 0. 0. 0. 0. 0. 0. 0. 18
79 0. 0.0 0. 0. 0. 0. 0.02 0.0 0.01 0.0 19
79 0.02 0.04 0: 0. 0. 0. 0. 0. 0. 0. 20
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OZ£ '0 ' 0 '0 '0 ZO'0 ' 0 '0 '0 '0 0 L8
6I1 '0 '0 ' 0 '0 TWO b0'0 ' 0 '0 '0 '0 L8
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SI£ LZ'0 '0 '0 '0 '0 0'0 '0 90'0 ' 0 '0 L8
bI£ '0 '0 '0 '0 '0 '0 '0 '0 '0 £0'0 L8
£I£ '0 '0 '0 '0 £0'0 TWO '0 '0 '0 '0 L8
ZI£ '0 TWO '0 '0 '0 '0 ' 0 '0 '0 0'0 LS
II£ 4I'0 0'0 ' 0 '0 0'0 ' 0 '0 '0 '0 '0 L8
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601 '0 ' 0 0 '0 0 '0 '0 '0 '0 '0 L8
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88 0. 0. 0.0 0. 0. 0. 0.0 0. 0.02 0.
88 0. 0. 0. 0. 0. 0. 0. 0.0 1 0.28 0.
88 0. 0. 0.02 0.01 0. 0 0.01 0.07 0. 0.0 0.0
880.0 0. 0. 0. 0. 0. 0. 0. 0. 0.
880. 0. 0. 0. 0. 0. 0. 0. 0. 0.
880. 0. 0. 0. 0.0 0. 0. 0. 0. 0.
880. 0. 0. 0. 0.13 0. 0. 0. 0. 0.
880. 0. 0. 0. 0. 0. 0. 0. 0. 0.
880. 0. 0. 0. 0. 0. 0. 0. 0. 0.
880. 0. 0. 0. 0. 0. 0. 0. 0. 0.
880. 0. 0. 0. 0. 0. 0. 0. 0. 0.
880. 0. 0. 0. 0. 0. 0. 0. 0. 0.
880. 0. 0. 0. 0. 0. 0. 0. 0. 0.
88 0. 0.0 1 0.25 0. 13 0. 0 . 0. 0 . 0.0 0.0
880. 0. 0. 0. 0. 0. 0. 0. 0. 0.
880. 0. 0. 0. 0. 0. 0. 0. 0. 0.
880. 0.0 1 0. 0. 0. 0. 0. 0. 0. 0.
88 0. 0. 0.0 0. 0. 0. 0.10 0. 0.02 0.09
88 0.01 0. 0.09 0. 03 0. 18 0.02 0. 0. 0. 0.10
88 0.01 0.02 0. 0. 0 0. 0. 01 0.10 0. 0.04 0.
88 0. 0.0 0. 0. 0. 0. 0. 0.0 0.0 0.02
88 0.04 0. 0.02 0.0 0.0 0.0 0 . 0 . 0. 0.
88 0. 0. 0.05 0.01 0.13 0 .07 0.06 0.0 0.0 0.
88 0. 0. 0.0 0. 0. 0.0 0. 0. 0. 0.

347
348

349
350
351
352
353
354
355
356
357
358
359

360
361
362
363
364
365
366

367
368
369

370
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Attachment B-S. HELP Model Data File: DATA7 - Temperature Data for
Hanford, Washington.

79 29.7 26.5 25.7 21.6 26.5 34.6 28.1 28.7 30.6 22.9 1
79 26.7 22.7 23.2 18.7 15.2 19.6 25.7 28.2 39.7 44.3 2
79 48.9 40.6 44.6 45.3 40.4 36.0 36.1 35.8 34.2 37.6 3
39 37.2 34,8 32,R 37,9 29,9 3Q 34,7 44.2 45.1 42.9 4

--- -- -- - -- -- 79 49.4 44.3 44.8 51.0 46.6 45.8 42.0 44.8 44.7 39.5 5
79 42.5 39.3 36.5 33.8 38.9 32.7 36.6 42.2 43.4 39.1 6
79 29.3 23.0 35.6 39.7 32.2 31.6 43.2 33.1 36.0 31.9 7
79 30.1 28.0 33.8 39.4 46.8 42.0 36.4 46.3 57.4 47.2 8
79 44.9 42.4 42.7 52.1 55.0 54.6 48.4 50.9 55.8 56.4 9
79 47.0 56.7 55.6 41.6 40.4 33.6 34.8 37.8 30.0 50.7 10
79 37.8 37.6 45."v 51.9 46.7 50.5 58.8 64.0 68.9 66.3 11
79 68.0 54.0 50.9 47.8 50.9 48.7 53.3 46.0 46.3 50.5 12

r_!_j 79 47.3 52.6 52.6 58.2 57.0 62.1 57.6 55.2 61.4 51.7 13
79 55.0 59.8 60.1 55.3 64.0 58.3 54.6 57.0 58.9 56.0 14
79 48.7 57.7 58.3 47.0 53.1 48.8 58.2 61.6 60.7 269 15
79 66.8 67.3 79.2 68.7 59.8 62.9 70.1 70.0 269

.
768 16

79 68.5 71.5 72.1 61.2 56.8 57.7 62.0 71.3
.

76.8
.

64.7 17
79 68.9 70.3 71.4 69.2 70.8 70.8 73.7 68 2 66 2 69 6 18. . .
79 69.7 66.9 66.7 65.6 66.7 72.6 73.5 74.3 75.5 78.6 19

-79 -7-4.0 -71.9 -72.6 -79.9 -82.7 -84.1 -81.1 77.7 79.9 77.5 20
79 81.3 79.9 81.8 80.8 74.4 72.1 72.2 68.3 62.8 61.6 21
79 58.8 62.2 63.7 64.5 60.5 58.6 58.8 64.0 69.7 72.3 22
79 75.2 79.9 74.0 76.5 64.1 57.6 58.9 53.0 57.9 68.4 23
79 61.4 54.6 66.3 67.9 69.1 69.1 68.7 65.1 64.3 61.3 24
79 55.9 55.7 55.3 51.2 53.7 55.3 64.0 50.7 50.7 49.7 25
79- 50.5- 50.6 51.7 53.5 55.1 44.5 48.4 54.5 51.4 64.2 26
79 61.6 62.0 60.6 61.3 59.7 57.8 62.5 60.0 54.6 64.2 27
79 61.9 66.7 60.4 58.8 55.5 54.9 64.4 54.3 61.8 65.9 28
79 60.3 65.3 65.3 63.8 63.9 53.8 49.8 52.9 55.0 46.5 29
79 48.4 46.1 42.6 52.2 42.9 40.6 38.5 40.2 52.1 51.8 30
79 49.7 51.1 48.1 53.2 53.5 44.9 48.3 51.0 47.4 50.6 31
79 49.1 51.8 53.9 56.5 57.5 55.0 51.5 46.6 55.4 51.7 32
79 48.7 38.4 45.4 44.9 34.7 32.6 29.6 30.0 38.3 41.5 33
79 33.9 34.0 45.0 34.4 39.6 32.6 36.1 30.9 30.5 39.3 34
79 34.4 35.9 39.9 30.5 23.0 19.9 14.0 12.4 24.7 37.0 35
79 39.4 29.0 26.2 15.5 17.0 29.2 35.9 42.1 40.7 41.0 36
79 40.7 45.0 41.5 43.0 35.0 0.0 0.0 0.0 0.0 0.0 3 7
80 34.8 30.9 29.6 26.1 32.4 36.5 35.1 27.7 18.6 20.3 38
80 11.9 19.4 10.7 11.5 15.6 18.8 25.2 28.8 31.3 27.4 39
80 31.3 25.7 28.3 22.4 22.3 17.2 27.0 29.7 23.9 21.1 40
80 25.6 34.3 29.7 29.2 34.0 31.1 30.9 37.2 39.1 46.3 41
80 43.2 40.6 42.0 30.8 24.5 31.7 36.3 26.3 27.2 32.6 42
80 34.2 35.8 30.4 34.7 36.7 31.1 30.6 36.2 31.0 30.5 43
80 31.6 26.0 26.4 24.4 35.6 47.4 46.7 45.4 41.3 37.0 44
80 45.9 50.6 50.4 40.7 46.1 51.4 44.2 35.5 32.5 30.4 45
80 38.6 39.6 53.0 59.0 57.2 59.1 48.6 52.0 48.7 54.9 46
80 51.4 50.1 53.6 50.5 40.9 41.5 41.7 46.9 49.3 43.2 47
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80 53.4 66.2 60.6 64.3 55.1 49.3 42.0 50.1 53.6 41.7 48
----- -- -- 80 51.8 _57.0 62,8 68,2 6n.6 4o,5 ao.n 41.7 54.7 55.6 49

80 53.2 57.7 45.9 57.1 64.1 52.4 53.8 60.2 61.0 56.0 50
80 57.0 56.8 50.9 45.1 39.3 37.4 40.4 45.6 46.6 56.5 51
80 5)0'.8 61."15 59.4 56.0 50'.1 55.9 56.0 57.9 47.4 54.9 52
80 58.6 58.2 53.7 49.4 48.5 62.9 64.2 66.3 66.7 73.3 53
80 71.0 69.0 69.3 61.7 59.5 57.5 56.1 51.8 53.1 61.1 54
80 65.0 65.9 73.0 67.4 72.0 65.5 59.6 60.9 66.8 72.2 55
80 78.4 09.4 75.7 73."u 72.9 76.6 76.i 71.3 76.5 79.5 56
80 80.4 85.1 77.8 80.1 70.8 70.5 69.5 67.8 73.2 70.2 57
80 67.6 69.2 70.8 76.2 74.4 78.1 75.6 75.4 69.1 75.7 58
80 74.6 70.7 72.5 68.7 70.4 72.6 70.5 67.5 64.7 70.8 59
80 77.3 78.8 68.3 71.6 68.0 73.1 64.9 67.0 62.4 69.2 60
80 67.2 68.5 61.8 67.7 72.8 69.4 65.0 63.0 63.0 67.0 61
80 63.9 61.5 69.7 74.3 74.5 74.1 71.9 69.8 68.9 65.6 62

y-; 80 61.9 63.7 65.6 64.2 72.0 77.2 66.0 55.3 56.5 60.0 63
80 56.6 55.8 55.8 56.7 51.5 60.3 62.3 62.4 52.1 56.6 64
80 56.1 51.8 50.7 46.3 45.4 53.9 45.7 49.3 47.7 51.1 65
80 51.4 49.7 49.2 44.5 48.6 53.1 59.7 66.2 61.7 62.8 66
80 59.2 62.5 60.3 58.7 53.5 45.6 42.8 42.4 47.3 51 1 67
80 46.9 40.5 38.8 41.0 43.3 35.2 39.1 45.6 46.6

.
46.8 68

C, Oo(} I Cwl.o _ C,41.1 9.^i.4 t4 ^fc.^ 44. ^f.3 39.a 3v.9 37.2 4u".2 45.3 69
80 39.6 39.1 43.5 42.4 41.4 40.8 30.7 24.1 38.3 34.3 70
80 41.7 45.2 49.1 42.2 46.5 48.2 52.0 38.9 31.1 37.9 71
80 37.2 26.2 19.0 15.6 21.0 16.3 17.3 23.6 19.1 23.2 72
80 32.1 24.6 18.0 23.7 23.8 29.2 34.6 32.2 27.2 22.0 73
80 18.4 13.4 21.7 31.9 34.3 33.9 0.0 0.0 0.0 0.0 74
81 17.3 34.6 35.5 29.6 32.6 32.0 23.6 17.0 23.3 32.7 75
81 32.7 30.4 34.9 32.8 34.7 33.6 29.4 29.6 34.9 33.5 76
81 31.9 28.0 34.3 26.9 23.5 21.1 28.0 24.1 34.7 41.7 77
81 41.4 44.0 36.7 37.8 35.9 43.6 37.7 40.7 33.5 42.5 78
81 39.7 44.1 48.8 37.9 44.5 33.1 32.6 37.3 30.1 30.2 79
81 34.1 40.3 34.7 31.6 30.6 39.0 40.1 43.9 40.3 35.0 80
81 29.3 43.5 35.8 32.7 42.1 39.1 38.5 48.6 39.0 31.1 81
81 20.7 35.2 31.6 37.2 31.7 38.0 40.5 38.3 42.4 37.0 82
81 43.1 39.2 47.5 43.0 37.9 36.8 31.1 43.6 41.6 43.7 83
81 42.8 41.5 41.1 41.7 37.0 42.8 37.5 44.0 46.5 52.2 84
81- 47.b- 43.8 50.5 48.0 50.2 52.2 59.4 54.2 58.2 57.6 85
81 60.0 54.9 61.1 58.5 66.4 59.0 65.2 60.1 55.9 57.3 86
81 48.2 50.5 48.2 44.4 57.4 55.6 53.4 54.1 55.2 60.1 87
81 50.1 52.9 54.1 53.9 56.4 52.3 53.9 49.2 45.5 49.4 88
81 57.4 59.5 59.8 59.3 54.6 58.8 58.2 63.0 62.3 66.8 89
81 72.0 71.4 69.5 71.7 75.1 70.3 67.5 59.7 54.9 56.8 90
81 51:9 51:4 - 50.4 52.1 52.6 514 60.4 57.9 60.6 61.9 91
81 62.0 67.6 67.7 63.0 61.1 71.3 70.4 60.5 59.3 60.1 92
81 58.2 66.0 59.3 59.8 64.1 69.9 70.0 67.4 78.1 77.8 93
81 66.5 61.8 65.5 68.2 73.7 72.5 75.9 71.7 77.1 81.6 94
81 80.3 78.1 77.3 68.5 71.6 68.4 69.1 66.8 69.5 71.5 95
81 73.1- 67.5 - 86.8 64.0 71.6 69.3 70.1 66.9 70.4 68.1 96
81 61.7 62.2 61.7 63.7 63.6 66.8 65.2 60.6 62.8 64.9 97
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81 71.3 59.7 63.4 68.7 65.2 65.4 53.9 55.2 58.9 57.1 98
81 50.7 56.8 51.7 54.6 53.7 53.4 58.3 68.8 68.5 63.6 99
81 54.6 57.1 58.8 56.7 54.2 60.1 55.5 50.4 53.4 52.4 100
°1 56.6 52.8 53.6 51.2 54^ 49.^ 4^.2 45.5 52.1 49.2 101
81 53.2 50.5 56.6 54.2 54.4 56.0 62.1 61.4 49.4 60.6 102
81 54.5 56.2 61.3 64.3 56.8 60.2 64.7 48.7 53.9 59.7 103
81 43.3 34.1 31.9 24.8 21.3 30.7 39.2 44.2 44.8 45.2 104

-- --- - -- - - 81 45.3 41.7 46.2 51.7 44.6 43.9 36.3 45.9 50.4 61.4 105

------ ---- ---A1- -44.9- -23 8 - 33 6- 36 8- a1 8 - 47 2- -35 ^. 40 2 42 1 45^ iw. . . . . .. . . v.
81 43.2 42.0 41.1 39.5 27.8 34.5 29.8 38.0 43.6 42.0 107
81 29.7 17.7 29.3 28.9 33.3 33.0 28.3 24.3 11.7 11.1 108
81 17.2 16.3 24.9 31.3 34.1 27.5 29.5 27.0 31.2 25.7 109
81 23.7 21.0 23.6 30.5 30.7 33.1 36.5 35.5 39.7 20.4 110
81 21.7 19.1 21.6 21.2 28.0 33.9 0.0 0.0 0.0 0.0 111
82 26.8 20.4 29.6 24.7 36.1 33.9 38.7 30.8 33.7 29.8 112
82 23.4 20.1 26.2 23.1 17.2 13.4 10.8 18.8 20.9 21.8 113

=tim4 82 16.2 19.3 22.2 32.5 34.5 39.6 33.9 37.4 46.4 36.7 114
82 36.3 38.3 39.7 36.0 37.8 30.7 33.9 22.1 26.9 24.8 115
82 39.0 42.9 46.3 48.3 37.9 37.9 44.4 38.4 41.4 39.8 116

'-^ 82 42.1 50.6 44.2 39.6 42.1 40.3 38.4 39.6 35.4 32.8 117
`:- 82 28.7 26.8 25.2 32.1 38.6 34.8 34.6 43.0 32.8 35.6 118

82 39.6 34.3 37.0 27.7 32.7 28.7 41.1 45.5 44.7 48.2 119
82 35.8 48.3 38.6 34.3 29.4 40.7 43.4 47.2 47.2 38.0 120
E2 30.3 35.5 43:5 37.2 45.5 -47.3 49.1 51.^v 51.0 48.3 121
82 43.8 46.6 45.0 41.4 36.1 36.8 45.1 44.0 55.9 64.5 122
82 55.1 49.3 49.2 57.9 59.2 53.2 51.1 47.8 52.7 54.2 123
82 55.1 62.3 68.4 66.3 57.5 57.3 56.1 58.8 64.4 64.6 124
82 70.8 71.0 63.0 58.2 68.9 65.9 60.4 55.9 53.0 52.8 125
82 55.9 61.9 64.2 56.7 53.9 45.6 40.3 45.9 46.7 52.7 126
82 55.0 51.5 54.6 62.6 64.5 65.1 62.2 58.2 60.3 58.5 127
82 56.5 61.0 62.4 61.7 66.1 64.2 65.0 67.2 65.6 68.1 128
82 66.9 57.7 66.9 71.4 66.2 67.2 68.8 66.6 65.4 66.9 129
82 74.5 76.6 76.6 75.4 69.9 73.0 69.1 66.1 67.4 72.7 130
82 73.5 75.8 75.2 80.5 78.9 75.5 76.0 72.0 76.5 69.2 131
82 70.2 66.3 75.8 72.5 71.1 71.2 68.6 68.1 74.2 73.0 132
82 68.2 68.2 69.3 64.0 71.8 72.0 76.8 76.2 75.8 63.4 133
82 59.6 67.6 66:9 64.8 66.0 74.5 70.7 65.7 64.6 65.5 134
82 64.8 58.9 65.0 63.3 62.1 75.1 72.6 73.9 67.9 62.3 135
82 59.8 62.6 71.5 69.8 69.8 64.4 63.7 52.8 59.5 62.6 136
82 50.2 42.4 44.9 47.4 49.9 54.3 60.6 60.4 66.7 64.4 137
82 71.0 64.2 71.0 63.9 64.4 65.8 67.5 62.5 65.8 58.8 138
82 60.7 69.8 75.8 59.5 58.3 61.5 58.5 54.3 42.5 43.9 139
82 49.3 56.5 57.3 59.8 55.8 53.5 59.1 64.3 60.3 56.4 140
82 54.2 45.3 37.2 42.8 50.5 53.7 48.4 35.7 36.8 44.7 141
82 38.1 44.4 37.9 34.6 33.4 39.1 52.9 46.2 52.6 47.4 142
82 52.2 56.0 60.1 51.7 51.1 54.7 51.6 42.0 36.7 28.6 143
82 24.6 32.1 33.4 35.8 45.1 39.3 37.5 29.9 39.7 40.6 144
82 36.1 27.0 26.1 35.5 30.8 30.2 35.4 27,1 31.5 27. R 145
82 30.8 25.9 22.9 21.8 26.7 31.2 28.2 31.5 24.8 19.5 146
82 22.1 22.7 17.6 19.5 27.2 43.4 43.6 42.2 41.0 34.5 147
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82 39.3 32.8 32.3 26.4 28.6 33.9 0.0 0.0 0.0 0.0 148
83 32.1 34.3 30.5 22.5 18.9 26.8 35.2 39.4 40.3 25.9 149
83 32.1 21.7 18.9 26.6 21.9 11.3 18.7 17.5 15.4 12.8 150
83 15.3 20.1 30.4 27.7 29.2 34.1 40.7 41.6 36.6 39.3 151
83 39.7 - 45.3 46.8 43.3 35.0 32.2 28.9 31.1 32.0 19.8 152
83 21.4 22.5 24.3 24.0 23.7 24.3 24.6 32.3 37.2 38.9 153
83 46.4 38.6 44.1 42.6 48.8 35.6 39.0 39.3 37.0 32.6 154
83 32.4 38.9 35.5 39.5 27.1 35.1 38.7 53.8 56.5 63.1 155
83 55.1 46.7 50.9 53.3 58.8 64.9 49.8 50.1 48.8 45.7 156
83 42.0 37.1 37.6 37.9 41.7 38.8 46.3 38.2 40.5 41.5 157
83 36.4 32.0 30.7 43.3 37.2 34.0 37.6 40.4 35.6 40.8 158
83 33.5 31.4 44.4 37.0 37.0 40.5 40.2 42.3 42.8 50.6 159

--83 51.7 563" 57.7 59:4 45.4 45..^-. 516 51.1 55.9 56.3 160
83 65.3 49.7 39.5 49.6 47.5 51.7 55.8 54.6 62.3 55.0 161
83 47.9 48.7 56.7 60.1 59.8 67.2 67.0 58.5 49.4 56.6 162
83 60.8 58.2 60.8 62.8 68.6 69.1 59.9 67.2 63.5 67.1 163
83 61.5 55.3 56.8 61.8 58.7 55.5 58.3 58.7 61.5 64.1 164
83 71.9 73.0 77.3 68.4 58.2 63.3 65.0 62.5 65.1 59.1 165
83 60.9 59.3 59.1 63.4 64.4 60.5 55.9 57.4 64.8 65.7 166

^.r. 83 69.2 60.9 64.0 64.5 62.4 67.7 70.4 74.3 75.7 68.4 167
83 72.6 64.2 67.7 75.0 75.5 74.9 75.3 75.3 77.8 81.4 168

* 83 69.5 70.4 68.2 70.3 71.9 73.2 79.8 76.0 69.8 70.7 169
83 72.0 72.3 80.1 82.2 71.6 68.8 71.2 66.8 63.6 70.7 170
83 68.0 67.8 68.6 67.6 68.5 74.4 79.4 73.4 78.0 71.5 171
83 70.5 72.7 72.0 66.7 63.9 59.9 54.2 51.9 53.4 51.8 172
83 58.7 58.3 59.7 66.8 71.9 67.5 59.7 52.3 47.2 45.2 173
83 52.2 60.4 66.4 59.9 60.9 50.8 52.0 46.9 55.7 65.2 174
83 63.1 60.6 58.3 54.1 52.1 45.2 46.4 55.9 51.6 47.6 175
83 54.1 57.0 57.2 61.0 72.4 73.3 63.9 67.5 70.8 56.7 176
83 52.2 61.2 52.0 48.7 52.6 57.6 55.8 57.9 48.4 46.9 177
83 43.8 34.5 39.4 41.2 28.1 33.7 35.7 36.5 44.6 38.7 178
83 43.5 41.1 38.6 44.6 43.1 44.4 50.1 52.2 46.1 33.8 179
83 35.3 34.8 34.9 35.5 35.2 34.2 37.3 42.4 41.6 42.1 180
83 45.2 53.3 44.8 53.8 48.8 44.2 41.7 46.2 49.3 49.0 181
83 49.1 45.3 58.5 54.1 38.2 31.4 31.8 25.6 35.7 35.5 182
83 39.7 33.6 35.0 35.3 42.4 31.7 43.7 47.8 44.8 31.8 183
83 30.6 37.3 30.2 28.6 29.4 20.8 24.8 25.0 24.5 31.4 184
83 24.4 29.6 36.9 31.7 36.6 33.9 0.0 0.0 0.0 0.0 1 85
84 34.4 27.9 32.3 27.6 17.8 20.0 15.9 27.2 25.0 23.6 186
84 31.4 28.6 31.1 33.2 23.8 23.9 23.9 22.7 16.7 13.3 187
84 24.1 25.5 26.4 20.4 21.0 16.7 19.4 19.3 30.4 34.8 188
84 34.7 40.6 37,8- 36.0 28.7 24.3 341 45.8 36:2 36.8 1801
84 40.0 39.0 31.7 35.2 35.2 36.3 38.9 31.4 38.5 37.7 190
84 35.6 35.0 42.5 46.3 44.7 41.6 48.9 42.6 47.3 40.6 191
84 41.7 40.2 31.2 43.2 38.6 32.9 35.2 28.1 27.8 38.1 192
84 47.7 44.3 37.5 44.5 44.1 37.6 40.3 39.4 46.7 46.1 193

84 40.7 Sd.S 5t,1 48.5 52.a 52,6 48.8 44.5 43.9 45.4 194
84 38.6 37.8 43.4 50.9 61.2 64.3 59.8 55.4 53.0 49.5 195
84 63.5 57.8 51.4 45.7 51.1 51.9 45.6 52.0 54.7 48.3 196
84 56.1 55.4 44.3 39.8 42.1 39.6 42.6 49.5 48.1 52.2 197
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84 49.1 48.4 60.1 57.8 53.9 61.8 54.1 52.3 54.8 52.0 198
84 43.1 53.1 64.4 65.1 64.8 67.0 59.2 63.9 64.6 68.8 199
84 69.4 60.6 54.9 58.7 64.2 58.4 62.0 60.7 68.3 64.4 200
84 65.0 69.2 68.5 64.4 58.3 54.9 53.8 60.9 65.3 65.7 201
84 62.7 62.0 55.6 57.0 59.2 62.7 64.8 65.3 63.1 63.5 202
84 70.8 61.9 64.2 62.3 67.8 66.2 67.9 68.2 67.3 69.7 203
84 66.4 67.3 65.1 63.8 68.3 73.5 78.1 76.5 75.9 74.4 204
84 67.2 68.9 68.5 68.7 68.9 71.4 72.0 64.5 64.4 61.1 205
84 68.4 75.7 74.1 72.3 77.2 75.0 77.4 79.4 80.8 71.1 206
84 71.6 74.1 72.4 76.2 71.9 79.2 68.2 70.1 76.1 76.2 207
84 70.4 65.9 72.5 59.4 64.4 66.3 68.5 67.5 70.2 70.4 208
84 67.3 67.4 63.0 65.0 65.8 58.7 66.5 68.2 69.5 69.0 209
84 64.1 67.9 70.7 69.4 66.7 69.4 59.5 56.1 57.9 54.3 210
84 60.1 61.6 68.6 56.4 65.4 59.4 57.8 57.1 60.5 61.6 211
84 64.0 72.3 62.8 69.2 62.5 58.7 50.9 56.7 49.1 44.3 212
84 49.8 57.6 57.3 52.7 60.3 49.3 44.4 49.1 51.1 45.6 213
84 55.6 49.4 45.5 53.7 49.1 52.1 51.7 45.5 46.2 46.2 214
84 43.9 40.6 33.2 38.8 39.4 44.8 48.4 50.4 44.2 33.6 215
84 33.7 34.0 42.1 34.6 41.9 42.6 45.5 42 8 47 3 55 4 216
84 49.5 50.6 51.6 45.4 42.5 38.5 37.9

.
42.8

.
47.7

.
42.4 217

^- 84 53.2 43.6 42.0 41.3 36.9 39.5 29.3 30.1 22.3 29.2 218
84 27.7 28.5 31.8 34.4 33.4 36.3 35.4 35.8 32.8 32.9 219
84 34.1 31.7 27.7 35.3 37.2 26.2 29.2 28.3 30.6 28.4 220
84 29.0 24.3 28.7 23.7 31.2 26.1 24.9 21.7 23.3 31.7 221

--- ----- --- -- -- -- 84 32.U- 3{).2- 33:6 30.7 27.6 33.7 0.0 0.0 0.0 0.0 222

85 32.2 38.8 33.8 38.4 38.8 34.4 30.8 22.9 25.2 22.4 223
85 22.2 25.2 22.1 27.2 16.9 17.7 24.9 32.1 32.4 33.8 224
85 32.2- 37.`0 44.6 -29.5- 28.4 20.9 26.6- 28.7 27.4 24.3 225

85 17.8 32.7 30.5 37.8 35.9 43.8 49.9 44.3 36.6 33.4 226
85 31.6 30.9 25.0 29.7 38.7 34.7 27.3 26.0 25.4 23.2 227
85 26.6 27.0 30.9 35.3 43.0 45.8 51.6 51.3 56.6 56.0 228
85 46.0 51.6 48.8 49.6 49.9 44.4 48.3 45.2 45.3 46.2 229
85 54.6 43.7 48.4 34.3 43.9 39.0 25.6 36.7 30.8 32.8 230
85 38 4 1J5.v 44.4 42.6 35.7 36.3 41.6 35.2 29.8 47.8 23i
85 51.7 46.2 49.2 50.6 50.7 41.8 37.2 36.0 44.0 41.1 232
85 44.1 37.5 47.9 57.3 61.3 72.1 57.1 50.9 49.4 46.0 233
85 54.5 47.3 41.9 49.9 49.7 56.2 61.3 57.1 52.7 57.8 234
85 51.5 56.8 56.5 51.8 49.4 55.3 56.9 52.0 50.6 54.8 235
85_ 57.2 55.6 52.2 44,6 52.1 46.9 54,4 60.3 63,R 57.6 236
85 59.7 56.3 55.6 49.2 46.2 52.3 53.4 64.6 71.3 71.8 237
85 71.2 64.9 62.8 59.9 56.3 56.1 58.6 66.8 70.2 65.8 238
85 69.7 64.2 63.4 58.3 61.0 59.6 64.3 68.6 67.0 67.2 239
85 66.8 65.4 67.0 66.1 69.0 74.1 68.8 70.1 75.9 68.3 240
85 70.6 71.4 70.2 68.8 68.4 68.3 68.4 70.3 68.8 76.5 241
85 77.0 75.5 78.7 79.6 74.9 70.9 65.9 64.6 71.3 70.6 242
85 64.7 70.2 70.8 74.0 69.5 66.1 68.8 64.6 65.4 68.0 243
85 75.2 76.0 70.7 73.7 67.6 70.1 73.0 72.9 73.7 65.0 244
85 67.6 67.6 74.8 65.6 65.3 66.4 64.6 67.9 67.9 73.1 245
85 75.6 70.6 76.6 70.9 69.6 66.5 71.0 69.9 75.4 79.2 246
85 75.5 69.1 69.5 68.2 67.0 61.1 63.6 62.9 60.3 59.7 247
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85 65.4 59.9 57.1 59.3 57.7 55.5 53.2 63.1 58.9 64.3 248
85 59.9 62.4 58.1 56.9 68.9 63.5 58.2 54.8 51.6 52.2 249
85 56.7 51.5 53.3 54.4 56.8 55.6 56.2 54.5 54.0 51.2 250
85 56.5 53.6 52.8 47.2 60.0 45.0 42.9 43.9 43.0 42.7 251
85 56.0 51.9 51.7 51.4 35.1 47.0 53.6 44.0 37.2 30.4 252

-- -- --- --- - - ---- - 85 6 c e[^ °.,.., oa o^o.o ae aJ4.j zlnJ,.L °qa,,., °c ^,^.^ °,1.9 36.4 30.7 253
85 37.7 33.2 36.7 29.9 38.1 49.0 45.3 48.5 42.6 36.7 254
85 -31,3 -3&.3 -36.4 - 41.5 39.2 -36:5 -49.5-445 -44.9 40.2 255
85 33.1 38.4 43.6 48.0 46.1 47.0 43.4 32.9 28.2 23.0 256
85 27.6 27.7 20.9 22.5 23.8 31.8 29.2 36.4 36.7 30.5 257
85 32.6 37.7 44.1 33.6 33.7 33.4 34.4 34.9 39.9 38.6 258
RS 28:7 25.0 23;9 34.5 33.5 33.', 0.0 0.0 0.0 0.0 259
86 25.9 33.0 36.0 32.7 35.0 38.9 42.1 42.7 34.5 29.6 260
86 31.1 38.1 37.8 37.6 31.8 25.4 19.5 23.1 29.3 31.4 261
86 38.0 34.4 32.6 29.8 29.0 33.4 34.0 39.4 38.1 47.8 262

'= s 86 35.1 39.4 32.5 29.5 38.1 40.2 23.1 35.3 38.2 36.2 263
86 32.5 22.2 28.5 37.9 43.2 41.2 44.7 46.9 49.1 41.5 264
86 43.0 42.3 40.3 39.0 44.2 48.3 42.3 49.7 43.3 37.1 265
86 40.3 40.8 40.2 34.0 34.3 34.8 43.2 36.5 35 1 41 9 266
86 49.9 39.9 34.4 27.6 41.7 46.4 48.5 54.8

.
51.7

.
55.2 267

86 52.6 42.5 34.8 36.1 34.9 34.7 40.2 48.9 49.3 51.2 268
86 47.0 49.3 33.0 40.9 34.9 43.7 51.5 40.8 44.0 48.5 269
86 47.6 49.5 60.2 59.9 55.8 57.5 48.4 52.4 58.0 61.3 270
86 55.6 58.4 46.3 50.7 47.1 50.8 52.7 59.0 64.5 59.2 271

------- -- - -- - - 86 56.0 534 53.& 52.1-- 59.6 -64.8 -66.3 70,4 62 . 7 62^ 2-72)
86 68.7 58.6 48.1 47.2 53.8 56.1 66.2 64.7 57.2 53.2 273
86 42.2 43.9 50.3 50.3 51.7 55.6 49.2 46.1 57.9 61.7 274
86 62.6 61.0 64.2 59.3 63.8 62.7 67.2 70.1 71.5 64.4 275
86 62,5 57.9 61.7 54.5 55.1 58.8 68.7 75.0 75.7 72.1 276
86 69.4 70.6 68.3 76.6 73.6 71.0 70.4 70.9 65.0 62.1 277
86 65.7 71.7 67.6 65.8 68.4 78.3 72.6 72.9 70.9 75.0 278
86 75.4 71.7 71.0 66.5 66.9 67.1 63.6 67.5 72.1 75.1 279
86 72.9 67.1 65.2 72.1 70.6 69.8 68.8 72.6 72.3 72.9 280
86 74.5 74.5 72.1 75.3 71.3 66.6 62.6 66.1 68.0 68.6 281
86 63.6 63.8 63.5 60.4 64.3 63.9 67.5 71.4 67.4 74.0 282
86 78.5 79.2 81.7 75.9 74.7 71.3 71.9 69.4 66.1 61.4 283
86 60.1 58.5 60.1 62.6 56.8 60.8 64.0 59.7 59.4 62.3 284
86 65.7 70.9 64.9 68.7 63.1 49.3 53.9 56.1 54.4 50.3 285
86 53.1 52.4 52.0 55.6 60.6 54.8 53.8 50.6 54.5 53.2 286
86 53.7 44.4 40.5 37.7 44.4 50.8 48.0 46.8 49.8 65.7 287
86 61.4 58.2 55.0 54.8 55.5 56.2 54.2 58.1 61.7 61.4 288
86 63.4 75.5 71.5 70.8 72.9 58.5 50.8 53.6 39.7 37.4 289
86 40.9 28.3 38.7 40.4 40.4 33.4 24.4 39.9 34.1 41.9 290
86 47.1 41.4 37.6 48.5 39.5 43.3 45.6 50.3 50.1 41.7 291
86 32.2 32.9 37.6 36.3 44.0 47.9 42.3 35.9 42.1 36.9 292
86 29.3 32.1 35.0 34.8 22.7 19.3 30.2 26.3 30.6 36.0 293
86 40.5 38.5 31.5 25.3 23.9 31.3 21.1 26.4 31.2 19.4 294
86 14.5 14.5 7.1 12.1 28.4 20.1 23.3 21.1 21.4 26.4 295
86 31.5 31.3 33.2 35,8 36,1 33.7 0.0 0.0 0.0 0.0 296
87 37.7 34.8 27.5 39.1 28.9 29.0 33.0 35.2 30.9 34.7 297
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87 22.7 21.5 25.3 22.6 25.7 26.3 26.8 25.2 29.8 29.2 298
87 34.0 32.7 32.1 31.3 37.0 33.5 32.8 28.5 24.6 24.5 299
87 20.9 23.1 26.9 31.9 32.4 32.0 39.7 38.7 34.5 34.0 300
87 31.4 31.2 37.9 35.5 32.7 36.2 44.4 35.6 30.9 24.6 301
87 32.5 35.3 40.0 40.0 40.0 31.1 27.2 23.4 26.5 17.4 302
87 22.9 34.3 34.6 28.8 27.0 33.4 32.1 41.7 40.0 36.9 303
87 35.6 32.3 41.3 42.2 40.0 42.9 43.9 42.3 43.9 51.3 304
87 49.1 39.6 40.2 50.5 49.8 49.7 46.8 53.7 48.0 53.1 305
87 44.0 34.7 37.5 48.4 46.2 48.7 49.8 42.9 46.2 54.9 306
87 60.9 65.3 56.7 58.1 51.3 59.6 51.5 51.1 54.7 55.2 307
87 57.6 50.7 51.7 44.0 45.2 49.9 63.1 54.5 50.3 49.4 308
87 51.3 51.2 48.9 54.0 57.6 58.9 52.2 54.1 58.0 52.2 309
87 57.9 48.1 45.7 53.4 53.5 56.4 54.8 57.0 55.3 49.0 310
87 55.0 56.5 63.8 63.0 63.9 55.8 61.4 59.0 60.1 60.9 311
87 69.3 68.1 76.4 73.1 75.2 71.1 71.8 77.2 64.5 69.5 312
87 64.6 56.1 50.6 58.9 69.1 68.5 71.3 63.7 72.0 72 8 313
87 63.0 59.3 62.2 61.6 65.0 61.1 60.5 67.1 65.5

.
64.0 314

87 69.4 79.9 78.5 83.8 75.6 78.9 73.2 74.4 70.1 71.1 315
87 71.2 65.7 65.1 68.7 79.9 76.4 73.6 68.1 68 5 70 4 316. .
87 62.5 67.3 74.2 74.3 70.6 73.2 74.2 67.3 69.5 72.7 317
87 70.3 75.1 76.7 74.9 73.0 74.0 72.1 66.8 60.3 59.8 318
87 65.2 64.2 63.1 65.9 60.6 61.2 63.8 61.3 61.4 58.3 319
87 67.8 68.1 76.4 80.7 70.7 70.9 69.2 68.9 75.1 63.4 320
87 62.2 68.5 69.1 70.3 80.7 80.5 76.6 75.0 69.3 63.7 321
OF 65.f? 5^i.(^ ^6.7 58.4 63.7 56.8 57.2 71.8 67.4 62.8 322
87 64.3 55.5 49.5 50.3 58.6 64.1 57.3 51.8 50.2 52.9 323
87 55.7 62.2 54.2 57.4 47.8 46.4 57.8 46.0 40.1 40.4 324
87 42.1 51.5 60.2 58.2- 55.8- 50.9- 5 i.5- 61.1 58.0 60.9 325
87 52.9 53.3 57.2 52.2 49.7 54.7 49.9 54.1 49.5 54.0 326
87 44.5 49.4 51.8 55.7 53.1 40.4 42.0 41.5 33.4 30.6 327
87 37.2 43.7 42.3 37.2 34.2 28.8 34.1 35.1 38.1 49.4 328
87 41.6 40.4 39.3 35.8 41.8 43.1 39.2 44.2 54.5 45.3 329
87 37.9 29.1 24.0 23.4 35.8 29.3 24.0 28.5 25.5 30.0 330
87 25.7 26.5 23.3 29.3 26.7 32.8 41.1 30.4 27.5 24.2 331
87 34.7 29.7 26.2 31.7 40.1 32.9 31.7 28.2 18.8 18.3 332
87 11.3 10.6 12.1 18.8 28.6 33.7 0.0 0.0 0.0 0.0 3 33
88 29.8 23.9 20.3 21.3 19.1 24.7 30.2 39.9 33.1 33.2 334
88 45.4 37.6 35.4 22.3 23.0 27.6 35.1 37.7 26.4 11.3 335
88 25.0 26.8 31.4 28.6 28.9 39.5 39.7 49.2 40.7 36.2 336
88 32.3 40.7 48.0 41.4 33.5 35.3 45.0 33.5 32.0 28.0 337
88 35.8 27.9 32.7 36.5 33.1 29.5 32.3 37.0 44.3 39.1 338
88 32.9 29.4 33.5 30.2 41.7 44.4 51.2 54.5 41.4 39.5 339
88 36.6 38.7 32.0 38.6 42.4 45.7 43.6 41.2 44.2 43.5 340
88 45.1 49.8 48.9 54.3 49.8 46.1 56.8 47.9 55.0 53.0 341
88 47.2 46.6 53.9 42.3 42.5 47.8 45.5 39.0 33.9 44.3 342
88 51.1 38.1 37.9 34.0 36.8 35.7 41.3 45.7 48.5 41.8 343
88_ 38.2- 46.2 51,3 45,8 51,1 55,0 53,1 52,7 56,2 56.5 344
88 57.7 61.5 62.5 61.2 53.3 49.4 49.3 40.3 44.6 52.4 345
88 49.5 55.3 49.6 51.6 57.0 53.0 58.0 64.9 53.3 54.4 346
88 58.8 55.4 55.0 60.5 52,8 54.9 5849 61.9 59.6 63.9 347
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88 56.1 50.1 54.0 62.7 57.7 61.4 61.2 53.9 58.9 63.9 348
88 60.9 61.5 54.2 61.4 63.3 66.3 65.5 65.2 67.2 69.6 349
88 73.3 69.3 68.2 70.9 68.1 73.7 69.8 73.6 76.8 73.7 350
88 75-.7 - 74.1- 76.9- -77.0 -65.3-19-.8 72.6- 1/3.8s 5"c1.6 67.0 351
88 66.6 68.9 73.6 69.0 57.8 70.4 65.7 68.6 65.0 62.7 352
88 64.7 65.0 67.0 69.0 68.8 65.2 69.0 66.0 65.8 65.9 353
88 64.1 -65.3 67.8 71.1 67.2- 64.h 68.1 6-Z.8 64.4 72.1 354
-88 75.-3 74.9 74.4 77.5 59.1 65.0 73.2 64.5 64.6 b4:s 355
88 60.0 64.2 60.4 64.1 67.6 66.6 66.2 65.0 63.9 67.3 356

---- --88 68.4 73.1 73.6 64.8 67.7 76.4 79.1 78.1 69.9 68.2 357
88_ 72.5 71.2 66.4_71,5- -69.3 50.9- 56.7-- 55.2 - -54,6 Sg,6 ZSA

88 57.1 64.1 66.3 69.3 72.9 69.3 63.8 75.3 69.5 65.9 359
88 68.3 63.4 58.9 54.5 64.6 55.4 53.6 52.0 54.1 69.0 360
88 69.9 59.3 43.5 45.5 49.1 58.6 63.4 63.8 58.5 59.9 361
88 60.4 49.0 49.7 51.7 45.3 50.0 54.9 52.6 63.9 63.8 362
88 53.9 40.7 45.8 45.9 40.9 37.5 45.5 50.1 47.2 36.6 363
88 30.5 35.8 41.6 43.6 45.8 38.6 34.0 40.3 45.4 44.0 364
88 45.6 39.5 29.8 27.1 35.0 31.8 29.0 23.2 29.9 29.5 365
88 40.6 33.6 29.8 36.4 34.8 33.9 37.6 47.6 44.1 28.9 366
88 30.5 35.3 38.8 40.3 35.0 34.6 34.1 26.3 24.8 32.0 367
88 28.8 27.5 25.5 26.5 32.1 19.2 27.2 32.9 36.9 29.0 368
88 33.6 30.9 26.1 29.3 25.3 20.1 22.1 25.9 20.1 22.3 369
88 17.4 23.1 23.7 31.7 36.9 26.6 0.0 0.0 0.0 0.0 3 70
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Attachment B-9. HELP Model Data File: DATAIO - Soils Data for Hanford Barrier.

SAIC/ERDF E1S%R(:%FS% WA. 923-E412
CASE 4 - HANFORD BARRIER
3/10/94 YEARS 100-110 CAS4JV11.OUT
" . "" ... "".."". .
a i.vwuw i i.txnnxM 4
19.37 59.37 5.91 11.81 59.00 11.80 5
5.91 3.95 000.00 0.00 0.00 0.00 6

0.4603 0.3702 0.3509 0.3178 0.4170 0.4170 7
0.0220 0.4170 0.0000 0.0000 0.0000 0.0000 8
0.2272 0.2109 0.0705 0.0391 0.0210 0.0454 9
0.0210 0.0450 0.0000 0.0000 0.0000 0.0000 10
0.0632 0.0500 0.0326 0.0200 0.0200 0.0200 11

;-s 0.0200 0.0200 0.0000 0.0000 0.0000 0.0000 12
= 0.000992.999994----0.00000-1600000--D.000154999987---0.000500000024 130

y:''W+ 0.100000001490 1.000000000000 0.000000010000 0.010000000024 14
0.000000000000 0.000000000000 0.000000000000 0.000000000000 15

--?e- n,nosa n.nc56 n.n714 n.0367 O.wO7 0.,^"5,T4 16
0.0210 0.0261 0.0000 0.0000 0.0000 0.0000 17

43560. 18
1 1 1 1 1 2 3 1 0 0 0 0 19
0.00 0.00 0.00 0.00 0.00 2.00 20
0.00 0.00 0.00 0.00 0.00 0.00 21
0.0 0.0 0.0 0.0 0.0 760.0 22
0.0 0.0 0.0 0.0 0.0 0.0 23

1.00000000 1.00000000 1.00000000 1.00000000 1.00000000 1.00000000 24
1.00000000 1.00000000 1.00000000 1.00000000 1.00000000 1.00000000 25
0.0000 26

8 0 0
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Attachment B-10. HELP Model Data File: DATAI I- Climate Data for
Hanford, Washington.

2
HANFORD WASHINGTON

36.00
1.60 1.60 113 288 16 32 48
46.57 65.222 59.619 42.627 26.066 18.157 0.154 -0.088 0.204 -0.129
380.628 246.837 284.041
0.439 0.516 0.388 0.317 0.301 0.252 0.294 0.258 0.337 0.319 0.444 0.484
0.195 0.166 0.163 0.121 0.122 0.123 0.055 0.059 0.085 0.094 0.198 0.256
29.3 36.3 45.1 53.1 61.5 69.3 76.4 74.3 65.2 53.0 39.8 32.7
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Attachment B-11. HELP Model Data File: DATA11 - Climate Data for
Spokane, Washington.

3
SPOKANE WASHINGTON

36.00
1.60 2.50 138 267 16 32 48
46.50 58.00 53.00 37.00 26.60 16.50 0.166 -0.090 0.270 -0.180
396.00 258.00 297.00
0.648 0.600 0.542 0.409 0.469 0.400 0.240 0.388 0.395 0.479 0.584 0.621
0.361 0.269 0.239 0.225 0.202 0.200 0.099 0.121 0.154 0.184 0.278 0.386
25.7 32.4 37.6 45.8 54.3 61.7 69.7 68.1 59.4 47.6 34.9 29.0

B-54



DOE/RL-93-99, Rev. 0

Attachment B-12. HELP Model Data File: DATA13 - Solar Radiation Data for
Hanford, Washington.

C+^,

79 102.7 107.4 148.8 63.3 91.1 89.1 114.1 103.0 124.1 40.1 1
79 40.5 99.1 45.8 41.7 124.7 93.5 65.3 80.9 102.3 153.2 2
79 145.6 110.1 46.3 46.9 166.2 165.8 204.7 214.5 187.1 50.7 3
79 94.9 146.4 169.4 161.5 130.9 163.0 209.9 256.8 185.6 133.9 4
79-20 Y.9-1212- 95.1 204.9 26"s.8 245.3 64.4 201.4 223.2 258.4 5
79 68.2 170.6 165.8 214.8 121.2 73.1 219.8 275.8 214.1 260.0 6
79 280.2 204.7 80.3 384.1 82.4 240.5 422.9 360.3 355.7 309.2 7

-- 72253.3-141.6 420.3-363.0 306.7-_97.2 2583 443.8 281.8 185.5 8
79 442.3 504.7 495.1 371.7 407.9 105.3 407.7 508.3 442.7 392.8 9
79 318.0 165.3 412.7 492.6 522.7 285.5 366.4 117.9 376.3 461.0 10
79 442.9 275.2 545.8 364.7 380.4 323.4 449.2 373.0 496.4 602.1 11
79 602.3 524.1 470.1 531.7 471.6 667.6 643.3 635.6 686.3 213.1 12
79 138.8 451.0 483.1 429.9 221.0 664.3 716.3 588.1 723.2 725.7 13
79 540.7 726.3 735.9 596.0 720.1 632.7 589.0 539.6 752.8 575.8 14
79 663.0 760.2 762.5 655.0 719.4 536.3 639.5 552.0 632.2 776.5 15
79 610.2 725.7 708.7 657.6 582.0 525.6 590.6 425.5 682.6 596.1 16
79-476.4-486.1-646.7 792.2-688.6 77-4 .4 629a 681 4 soo 4 613.8 17
79 539.9 793.7 793.5 694.0 792.8 773.2 775.1 785.5 790.5 620.3 18
79 788.9 787.9 765.5 612.2 671.5 540.5 731.7 687.0 342.1 638.2 19
79 582.3 712.4 772.1 751.9 759.5 712.9 763.9 707.9 456.5 587.3 20
79 650.7 509.5 697.4 608.4 630.7 741.0 665.6 489.7 555.4 709.3 21
79 599.2 722.4 719.1 649.6 656.9 617.8 553.2 458.9 529.4 540.2 22
79 451.8 426.0 424.7 456.5 210.9 220.2 636.8 574.5 657.0 652.6 23
79 473.4 262.4 473.5 521.6 630.0 525.4 392.5 615.8 585.9 439.4 24
79 502.0 552.3 549.8 329.1 434.7 391.1 559.1 558.2 516.2 493.3 25
79 360.4 408.8 462.3 419.4 435.4 487.8 326.4 513.5 420.1 226.8 26
79 411.9 421.0 353.9 455.4 462.3 408.1 358.8 459.7 454.3 449.0 27
79 384.0 426.8 330.0 178.0 266.0 212.5 304.1 285.9 363.1 366.4 28
79 391.1 318.6 180.2 140.9 230.2 278.9 311.0 320.4 188.2 203.1 29
79 122.4 67.4 155.7 295.3 279.8 227.0 91.3 89.5 89.5 60.2 30
79 188.8 112.0 196.1 144.9 196.0 55.4 169.8 53.8 53.1 68.3 31
79 258.4 248.3 135.3 214.4 160.4 203.3 226.2 208.0 159.3 46.0 32
79 109.2 164.0 44.3 139.7 103.6 42.9 185.1 42.0 57.0 41.1 33
79 101.0 121.3 44.5 68.9 39.3 39.0 38.7 161.8 38.2 81.6 34
79 75.2 167.6 148.7 139.2 122.6 117.7 100.2 80.5 36.5 112.5 35
79 36.3 36.3 109.5 128.4 141.3 96.2 36.3 36.4 36.5 146.4 36
79 112,4 36,8 37.0 37.1 37.3 0.0 0.0 0.0 0.0 0.0 37
80 37.6 77.7 79.4 38.3 69.8 53.6 39.1 39.5 39.8 168.0 38
80 40.5 40.9 41.3 41.7 169.6 42.6 134.5 129.0 153.5 151.9 39
80 153.1 160.5 148.1 187.9 82.5 157.5 208.2 118.3 234.0 134.2 40
80 51.4 52.1 52.8 162.0 233.5 178.1 55.9 231.4 256.7 214.0 41
80 129.3 78.1 168.8 111.7 62.6 85.7 114.4 129.9 72.9 92.6 42
80 83.5 307.7 323.0 355.5 249.0 104.6 155.9 142.9 76.2 385.9 43
80 270.4 204.9 307.4 300.7 150.4 378,0 256,1 238.7 172.0 257.5 44
80 189.9 204.7 98.2 282.4 245.7 274.5 285.8 202.1 443.3 231.7 45
80 495.0 307.5 198.5 312.1 417.2 465.1 416.4 331.9 179.7 447.1 46
80 290.4 505.4 563.8 569.1 385.5 487.7 181.3 333.9 511.3 448.6 47
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80 346.6 609.8 562.6 453.3 544.9 629.2 471.5 421.8 537.6 472.6
80 468.0 656.7 540.7 539.1 357.8 597.0 591.0 682.3 323.8 524.6
80 564.7 528.9 701.9 484.3 581.3 604.2 454.6 719.8 546.3 370.2
80 426.8 515.8 524.3 621.2 148.4 386.6 668.0 708.3 752.8 735.5
80 705.8 529.9 334.7 672.8 683.0 605.1 573.5 566.4 669.3 608.5
80 495.5 632.3 655.5 681.1 755.9 765.2 777.3 656.5 690.5 789.4
80 743.9 592.4 738.8 575.7 339.3 793.0 713.7 287.9 678.1 694.0
80 645.8 403.1 640.3 711.9 561.7 364.8 242.8 207.4 669.5 789.8
-80-570.7-622.7-786.9 785.8 776.1 7831782 n 412

'
6 58,7 n 648.1

80 652.6 773.9 582.9 652.6 569.6 627.5 638.4 761.6 655.9 704.5
80 698.5 751.9 749.3 746.6 666.2 663.4 626.7 735.1 681.0 640.3
80 683.0 555.9 641.4 715.7 633.2 637.1 705.1 701.4 567.1 693.9
8"v603.5-sa&.v-4"sa":9 45i.9 -4f?7.4-659.1 637.5 605.4624.5 354.5
80 239.9 426.9 541.3 575.7 511.5 625.3 585.2 615.8 518.8 606.2
80 434.6 580.7 591.4 586.4 398.6 466.3 571.2 566.1 560.9 359.8
SC s26:^ 482.5 3r5.-1-451.C 498.3 425.4 465.2 r4c.S 309.7 28"v.3
80 421.9 422.1 446.1 293.7 393.0 364.9 465.1 402.1 334.3 343.3
80 305.0 438.3 429.9 135.0 228.7 177.5 374.6 406.6 382.8 333.1
80 206.8 305.8 251.9 302.1 354.4 145.7 175.7 193.5 113.0 258.4
80 321.9 303.2 213.1 205.4 137.5 128.8 229.0 95.5 82.6 155.1
80 185.6 287.3 223.5 167.0 219.8 55.4 163.2 66.0 132.0 118.3
80 52.1 51.0 115.9 122.4 173.2 160.2 182.0 129.3 46.5 83.3 6
80 152.4 185.1 151.6 182.8 156.7 42.9 69.4 104.0 139.0 132.3
80 126.0 40.3 120.5 39.6 60.3 39.4 38.7 38.4 38.2 81.0 71
80 37.7 144.8 103.4 39.6 84.8 142.5 140.7 74.2 79.7 63.9 72
80 61.9 102.2 113.8 87.3 36.3 36.3 117.7 90.6 36.5 36.6 73
80110.6 417.3-97.0-37-.1-3732 -37.5 -0.0- 0.0 0.0 0.0 74
81 37.6 95.5 121.2 81.0 115.1 151.4 94.2 46.0 119.2 109.5 75
81 96.9 53.2 88.9 83.2 107.9 95.4 43.1 151.1 44.1 101.1 76
81 45.2 45.7 228.2 137.6 150.6 48.1 48.7 49.4 50.0 151.8 77
81 172.2 155.5 134.1 145.7 262.4 245.2 190.4 192.3 179.9 167.2
81 137.7 174.0 249.6 61.7 160.0 63.5 322.2 326.8 130.7 132.5
81 260.1 345.8 305.7 355.5 169.5 258.5 105.7 266.3 208.6 349.7
81 302.2 320.2 308.3 396.7 382.8 417.5 289.6 240.1 178.2 311.0
81 335.8 298.0 394.9 440.6 214.5 274.9 338.0 329.9 386.5 425.7
81 356.6 483.1 326.3 276.7 340.3 526.4 403.4 327.9 317.8 321.2
81 317.9 403.9 465.7 480.4 426.6 521.5 490.8 456.1 496.9 503.3
81 570.4 453.1 524.7 376.1 558.8 487.8 575.5 528.6 599.1 647.7
81 560.8 252.7 633.2 665.5 455.0 674.0 610.2 682.3 535.8 690.3
81 694.2 675.8 623.3 673.5 564.4 658.8 682.0 571.6 717.4 603.4
81 526.8 435.9 531.7 445.0 741.9 678.9 712.6 584.7 697.6 669.7
81 757.8 660.7 762.5 758.6 766.9 701.1 623.6 772.9 631.6 773.6
81 701.6 779.7 746.3 782.6 766.5 554.7 786.4 552.4 375.5 704.5
81 684.0 697.6 697.9 792.2 730.0 678.1 616.9 793.6 701.7 709.8
81 641.9 775.5 741.6 676.0 601.5 792.4 680.1 572.0 640.8 515.5
81 615.7 451.7 673.6 706.5 674.3 429.4 685.6 676.8 596.6 710.5
81 753.3 773.9 772.1 770.1 768.1 751.1 763.9 761.6 759.3 737.7
81 667.7 751.9660.7 731.1 708.9741.0622.7735.1-540.5 443,0
81 585.7 722.4 616.8 667.7 594.7 474.3 625.6 643.1 697.7 548.8
81 570.7 668.8 682.1 575.6 534.1 519.4 395.2 577.6 555.6 626.4

48
49
50
51
52
53
54
55
56
57
58
59
ov"
61
62
`v3
64
65
66
67
68
9
70

78
79
80
81
82
83
84
85
86
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89
90
91
92
93
94
95
96
97
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81 563.5 522.7 639.2 570.9 630.0 625.3 501.8 346.7 611.0 589.9 98
81 454.1 591.6 523.9 373.6 334.5 493.8 445.0 467.5 560.9 555.7 99
81 255.5 353.4 540.0 421.1 429.2 499.6 462.3 407.7 243.5 439.7 100
81 398.8 421.7 411.4 235.3 421.4 467.3 379.7 345.0 269.9 324.0 101
81 342.1 209.1 311.4 427.6 387.4 417.1 345.7 382.6 161.5 348.7 102
81 378.0 353.2 309.9 256.8 185.4 269.4 360.9 342.6 270.3 220.8 103
81 169.4 155.7 332.3 310.8 306.0 216.0 222.6 208.1 305.4 151.8 104
81 168.2 155.6 163.0 245.0 271.0 276.8 199.9 192.2 142.6 129.5 105
81 134.7 190.0 179.3 190.8 49.0 191.3 47.7 47.1 46.5 46.0 106
81 45.4 163.3 147.9 165.3 43.3 172.1 147.7 120.8 161.4 124.9 107
81 107.8 127.2 95.8 79.6 129.0 104.4 133.0 162.6 38.2 37.9 108
81 102.0 101.6 37.3 90.0 105.8 84.6 36.7 36.6 36.5 84.1 109
81 147.3 36.3 36.3 68.1 ¢6.9 91,4119 7 36.4 115.9_ 36.6 110
81 140.6 36.8 155.8 185.5 37.3 37.5 0.0 0.0 0.0 0.0 111

..^--. 82 37.6 37.8 97.0 38.3 110.1 134.5 105.2 148.3 160.8 92.1 112
82 151.6 158.0 88.5 107.6 165.1 42.6 124.0 139.4 122.1 216.7 113

:.^ 82 184.0 45.7 46.3 131.1 72.4 76.3 147.6 49.4 199.7 253.6 114
82 203.3 190.6 179.7 188.7 79.8 241.4 279.5 283.5 271.7 214.7 115
82206.1 128.5 219.7 79.2 155.0 63.5 204.1 65.4 66.3 84.2 116
82 68.2 198.2 99.0 332.0 278.0 195.0 74.1 243.6 146.5 227.2 117
82 312.6 396.3 340.3 230.5 270.5 290.1 304.6 310.9 162.0 439.1 118
82 357.1 370.1 392.4 353.6 361.4 459.4 344.0 257.6 286.5 493.7 119

1nR,5 trw.682 450.5 142.6_323a1369.954,5 42g,9 280.6 285.0 t2n
82 186.5 150.0 530.7 327.3 271.5 115.9 250.1 484.9 591.5 538.6 121
82 367.6 609.8 614.7 619.6 471.3 474.6 388.2 574.4 532.5 534.0 122
82 607.6 552.is 582.4-533.3 454.0 483.0 678.2 682.3 686.3 474.0 123
92 694.-2 69&.1 701.9 705:6 611.! 5:JG.9 644. Y 117

A .
0 60/. J O 1 9.7 124

82 688.6 682.6 735.9 738.9 685.5 597.2 543.7 750.2 752.8 612.9 125
82 666.0 695.0 762.5 737.7 766.9 769.0 443.3 523.8 722.6 723.1 126
82 686.2 524.5 762.7 524.8 712.1 710.6 720.8 787.5 587.1 425.3 127
82 668.8 746.9 729.6 553.1 673.2 662.9 765.1 784.8 713.0 775.6 128
82 609.7 793.7 659.1 733.2 590.6 584.4 613.0 264.0 534.5 789.8 129
82 723.6 670.4 639.8 759.0 784.6 754.6 673.7 680.7 779.0 658.7 130
82 775.7 719.5 513.2 619.8 688.1 589.0 735.1 698.1 618.3 585.1 131
82 689.5 751.9 715.8 588.8 589.3 741.0 651.9 735.1 675.1 611.9 132
82 695.6 718.3 719.1 665.5 544.9 507.4 681.3 621.0 546.9 602.2 133
82 327.8 634.3 682.1 678.1 594.3 609.8 665.6 661.3 558.2 470.4 134
82 648.2 606.6 516.6 475.7 365.1 498.7 569.7 615.8 570.6 551.3 135
82 199.9 315.7 429.6 504.9 569.8 115.3 390.2 438.1 456.0 493.7 136
82 488.3 473.9 382.5 298.0 529.4 472.4 471.3 494.6 346.5 502.7 137
82 410.0 163.0 228.1 246.7 342.4 248.0 231.6 91.9 422.8 325.3 138
82 205.3 273.3 234.9 236.8 136.2 154.4 288.2 265.9 235.8 237.6 139
82 193.1 264.2 336.4 354.4 363.6 365.9 360.9 356.0 219.7 329.8 140
82 319.0 169.9 192.3 88.6 103.2 234.0 218.5 62.0 118.8 233.1 141
82 59.4 58.6 115.3 284.7 183.8 138.0 134.3 139.8 222.5 206.0 142
82 180,5 173,8 123_8 81.1 210.0 177.1 191.0 200.7 46.5 46.0 143
82 45.4 44.9 171.5 124.9 109.1 135.9 97.7 115.5 201.0 41.1 1 44
82 40.7 40.3 40.0 131.9 141.5 39.0 77.5 109.3 38.2 37.9 145
82 134.1 163.5 160.9 149.0 114.0 36.8 152.6 36.6 36.5 36.4 1 46
82 107.5 79.4 36.3 36.3 36.3 115.2 128.7 131.7 76.7 61.3 147
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82 61.5 109.3 134.1 65.3 116.3 37.5 0.0 0.0 0.0 0.0 148

-- 83 61.4 37.8 38.0_41.0 66.3 38,8 156 ,5 157.4 125 .0 92,3 149-
83 97.1 112.8 150.4 126.6 170.9 42.6 129.8 43.6 44.1 88.5 150
83 113.1 199.7 231.4 46.9 47.5 48.1 48.7 180.7 175.5 195.2 151
83 224.1 203.9 196.3 151.0 118.1 216.6 57.1 283.5 189.3 127.6 152
83 59.2 120.9 121.4 131.9 69.3 89.6 306.1 132.8 114.0 183.9 153
83 193.2 69.2 207.2 189.4 103.9 73.1 273.4 146.2 373.4 237.9 154
83 223.3 247.0 130.3 141.9 142.3 161.0 107.4 159.8 278.0 367.8 155
83 88.9 95.7 213.8 344.0 323.7 471.8 269.3 400.1 200.7 462.5 156
83 334.4 378.9 270.8 271.2 313.7 105.3 424.8 116.3 542.6 444.3 157
83 449.4 292.7 457.3 480.7 427.8 482.1 456.6 536.5 470.1 599.8 158
83 437.2 495.1 379.1 582.8 624.4 629.2 478.7 439.2 415.6 620.3 159
83 480.4 563.2 269.6 559.9 496.6 590.4 586.0 483.8 686.3 360.3 160
83 599.7 456.1 620.5 376.0 154.3 523.3 317.9 662.3 723.2 669.3 161
83 520.3 642.2 674.3 738.9 660.1 579.3 564.2 516.4 500.6 602.4 162
83 629.5 545.1 547.8 654.3 766.9 557.8 568.6 590.4 654.1 509.5 163
83 748.0 477.5 781.2 757.7 765.3 634.0 615.5 668.2 768.3 789.4 164

rr, 83 342.6 446.4 655.8 761.9 420.2 714.3 663.3 681.1 519.4 793.8 165
83 656.9 641.6 793.5 643.6 570.2 482.9 672.7 791.2 790 5 581 8 166

=
. .

83 682.0 787.9 685.3 526.0 661.4 699.8 772.5 566.7 597.9 575.1 167
83 775.7 773.9 634.2 753.0 620.1 764.7 763.9 761.6 759.3 756.9 168
83 724.2 631.5 749.3 568.3 417.3 628.7 738.1 572.4 677.1 578.3 169
S3 648.5 `,22.4 SS7.0 490.1 504.3 673.6 628.6 609.8 565.6 693.9 170
83 431.3 464.6 461.4 523.0 404.7 669.8 634.5 661.3 496.5 623.3 171
83 469,8 6383 620,9 434.9 482.6 605.1 442.1 360.7 541.3 366.5 172
83 429.3 550.0 481.0 545.5 521.2 474.8 433.4 463.0 449.7 352.6 173
83 370.2 375.9 394.3 352.9 446.1 524.1 418.5 416.1 353.6 395.9 174
83 122.4 253.0 349.2 323.0 475.8 339.4 436.3 459.7 454.3 449.0 175
83 430.2 438.3 433.0 374.6 422.4 363.4 342.6 292.6 306.4 307.7 176
83 189.3 348.7 305.0 375.9 219.0 176.7 269.9 203.8 75.9 113.2 177
83 192.1 336.9 332.3 197.6 85.4 164.1 224.0 219.0 177.9 269.7 178
83 159.5 79.3 57.7 56.9 66.1 55.4 54.6 209.7 55.0 52.4 179

- ----- --
83 103.2-1743 59.1 49672.248.447,7 471 e64 efn I on

-- ----
. . 7V.V lUV

83 45.4 165.7 44.3 73.7 43.3 105.8 42.4 42.0 157.5 126.5 181
83 115.3 40.3 70.6 56.5 93.6 39.0 93.8 38.4 38.2 116.0 182
83 37.7 60.0 37.3 37.1 100.1 36.8 80.0 36.6 117.0 36.4 183
83 111.0 36.3 36.3 112.7 80.0 71.8 66.4 36.4 36.5 113.4 184
83 36.7 96.6 37.0 37.1 66.4 37.5 0.0 0.0 0.0 0.0 185
84 103.2 37.8 38.0 124.2 86.9 115.9 66.9 168.8 116.3 40.1 186
84 125.4 104.7 104.8 92.1 126.3 42.6 110.9 83.7 102.0 146.0 187
84 45.2 135.1 231.4 225.5 237.4 111.7 198.3 238.8 156.5 217.1 188
84 135.8 175.4 249.7 267.9 271.7 55.1 133.5 279.3 72.5 74.9 189
84 216.0 80.5 109.4 61.7 101.6 63.5 246.7 229.1 294.2 67.2 190
84 113.5 153.9 350.6 153.7 188.2 73.1 368.9 253.1 227.3 85.1 191
84 121.6 396.3 335.7 270.7 412.2 356.7 347.4 342.3 367.5 319.5 192
84 376.8 386.9 241.7 315.4 93.3 208.1 269.7 335.1 381.1 270.0 193
84 204.7 441.2 262.7 370.1 257.5 184.0 482.0 377.8 423.4 453.0 194
84 442.1 327.0 493.4 476.6 192.5 573.8 584.6 390.1 379.2 572.2 195
84 543.5 533.2 122.9 420.6 557.1 629.2 575.0 602.8 567.2 575.4 196
84 422.4 542.2 545.0 581.1 669.8 674.0 678.2 682.3 686.3 581.6 197
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84 493.6 652.9 588.3 638.2 528.3 712.8 689.8 719.8 723.2 714.5 198
84 675.4 650.9 735.9 383.6 678.2 744.7 709.5 601.0 731.8 368.1 199
84 626.3 446.4 750.7 653.4 668.3 676.3 771.0 662.3 754.6 716.3 200
84 625.9 588.4 781.2 680.4 661.8 435.0 479.5 723.6 387.3 707.8 201
84 665.4 742.3 652.1 228.1 704.8 653.7 627.3 648.5 549.4 793,$ 202
84 793.8 635.8 596.8 430.0 538.7 464.8 791.9 749.8 790.5 789.8 203
84 495.4 651.7 549.0 772.5 784.6 655.3 728.4 687.0 552.1 694.1 204
84 775.7 596.1 772.1 745.7 766.5 571.0 707.3 409.0 586.2 756.9 205
84 667.4 636.2 536.3 516.6 546.5 703.0 666.8 593.4 531.0 304.8 206
84 534.0 575.6 568.6 715.7 605.5 708.7 602.5 673.0 685.1 673.0 207
84 564.5 517.9 620.8 610.2 674.0 619.4 648.9 594.6 615.0 531.7 208
84 448.9 643.7 354.9 455.5 524.1 502.0 620.6 533.4 354.9 606.2 209
14 5863 596.4 513.0 586.4 581.4 551.6 544.7 400.7 159.6 248.1 210
84 534.4 375.1 364.8 534.7 529.4 417.1 422.5 365.1 330.1 415.2 211
84 468.3 275.2 343.8 256.9 407.4 291.2 93.0 293.6 444.6 318.4 212

.,k 84 353.4 438.3 344.7 394.2 142.4 258.6 152.7 293.5 199.5 328.1 213
84 211.6 359.6 188.6 328.1 317.4 142.7 274.8 277.9 308.3 252.7 214
84334.1 336.9 227.8 215.7 162.4 218.5 95.4 175.4 118.9 123.0 215
84296.9 112.3 125.7 208.3 187.5 78.6 111.6 73.4 235.9 197.1 216
84225.8 175.6 152.3 203.5 49.0 48,4 47.7 47.1 120.3 118.0 217
84 162.8 44.9 44.3 43.8 43.3 198.8 186.2 42.0 41.5 121.8 218
84 152.6 40.3 40.0 39.6 132.9 171.6 170.5 111.8 86.5 108.6 219
84 -37.7 37.5 48:1 37.1 86:4 36:8 36.7 78.2 79.6 1115 220
84 78.3 36.3 140.5 102.4 36.3 107.8 105.8 83.1 129.2 121.5 221
84 175.5 108.9 56.2 37.1 112.1 98.0 0.0 0.0 0.0 0.0 222
85 37.6 115.9 90.7 100.1 121.8 138.1 62.8 137.4 179.1 139.0 223
85 101.7 68.3 154.4 134.5 105.6 120.7 99.8 142.3 44.1 44.6 224
85 178.2 45.7 183.4 191.3 193.4 216.7 209.3 207.6 114.0 100.3 225
85 152.8 52.1 209.2 136.5 113.8 55.1 55.9 56.7 57.5 58.3 226
85 212.0 106.3 235.8 147.3 133.4 145.8 106.9 189.8 266.2 336.2 227
85 213.6 251.0 350.6 327.2 332.4 308.4 271.1 182.1 183.0 270.1 228
85 220.7 257.5 196.0 406.9 276.7 371.4 278.1 340.2 309.0 301.5 229
85 336.9 380.1 410.2 305.9 355.6 471.8 477.3 445.7 480.5 493.7 230
85 499.2 416.0 341.7 248.4 344.6 393.1 531.8 107.4 108.5 351.6 231
85 346.0 265.4 383.8 355.6 540.8 539.4 572.9 477.6 407.9 424.0 232
85 425.7 586.9 411.5 567.1 518.1 608.3 615.8 413.9 421.5 337.8 233
85 554.5 234.6 439.6 665.5 592.8 538.9 661.3 620.8 565.7 529.3 234
85 683.0 643.1 617.5 705.6 613.0 712.8 716.3 693.9 636.1 726.5 235
85 729.7 626.7 147.2 535.9 551.6 744.7 549.5 666.3 740.4 713.2 236
85 663.8 760.2 660.1 764.8 616.7 769.0 656.2 629.4 611.8 646.8 237
85-661:3 -691.-9-621.-4-782.6 7089i85.2-289.6 752.4 512.4 757.7 238
85 544.6 567.7 791.6 554.4 573.8 620.9 793.4 774.8 724.0 623.3 239
a5-677.6-48'.2 753.1 604.0 558.°0 666.1 79i.9 o7i.2 045.2 079.8 240
85 754.6 718.0 770.1 692.1 617.5 642.2 718.9 641.7 549.0 687.1 241
85 718.1 565.6 606.7 677.0 768.1 766.1 763.9 610.5 630.3 584.9 242
85 520.2 751.9 706.4 426.2 640.7 583.8 738.1 527.4 694.6 728.9 243
85 602.3 610.6 719.1 715.7 551.3 473.7 648.6 557.2 697.7 520.3 244
85 319.4 351.1 565.3 407.7 411.8 669.8 665.6 657.1 657.0 547.8 245
85 627.4 643.7 602.1 511.9 420.4 621.3 568.0 462.8 524.4 606.2 246
85 601.3 491.1 552.5 122.3 324.4 283.3 379.7 410.3 495.7 555.7 247
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85 405.8 375.2 446.5 136.5 346.5 244.8 174.8 437.4 344.0 276.2 248
85 323.8 492.0 349.1 481.2 447.3 337.2 366.5 227.8 324.0 412.5 249
85 364.9 287.2 433.0 194.3 354.0 377.2 316.4 372.4 216.9 183.2 250
85 288.9 386.0 266.6 252.6 265.8 197.9 253.0 259.0 193.4 219.1 251
85 314.1 216.1 289.3 264.2 187.6 261.0 214.4 176.6 214.7 301.1 252
85 199.6197.6 177.2 222.6 2792 128,6 166.7 53.8 110.7 190.2 253
85 152.2 54.4 156.0 49.6 190.4 207.4 200.4 139.9 46.5 176.2 254
85 45.4 97.0 44.3 43.8 43.3 42.9 148.8 91.0 41.5 151.0 255
85 40.7 126.8 40.0 39.6 39.3 39.0 111.3 136.8 113.6 37.9 256
85 37.7 125.7 148.0 118.7 157.8 122.2 84.6 84.4 96.1 117.6 257
85 109.2 129.9 128.7 164.2 108.2 57.8 65.2 36.4 95.5 142.4 258
85 130.1 99.8 103.9 150.8 105.6 98.0 0.0 0.0 0.0 0.0 259
86 37.6 37.8 91.5 38.3 38.5 82.1 106.8 102.1 39.8 91.4 260
86 102.9 92.7 85.4 150.4 42.2 42.6 43.1 43.6 131.5 155.1 261
86 55.9 45.7 46.3 95.0 133.2 101.6 48.7 49.4 50.0 50.7 262
86 51.4 70.3 61.6 70.7 54.3 106.7 263.7 244.0 240.7 198.5 263

g£ 86 168.2 86.6 106.4 308.7 143.6 82.7 235.8 260.5 187.6 174.0 264
86-303.1 101.6 235,0 183.5 212.5 287.5 3'L9.4 352.5 3673.3 259.6 265
86 142.9 174.2 320.0 379.6 390.9 148.0 187.0 265.2 261.4 348.6 266
86 158.9 183.6 338.5 305.1 394.7 273.5 217.8 419.2 365.2 482.1 267
86393.1 277.1 382.8 179.4 427.2 428.4 337.3 347.0 542.6 484.5 268
86 523.8 540.5 363.4 472.5 574.3 528.9 470.3 391.0 382.2 310.0 269
86 509.3 609.8 508.3 467.1 380.4 524.9 586.7 638.6 573.4 535.1 270
86 423.3 656.7 351.8 609.8 669.8 674.0 484.8 682.3 578.0 688.7 271
86 676.0 228.7 566.5 555.0 709.2 700.2 573.2 475.9 528.0 644.3 272
86 601.4 355.5 418.0 505.8 660.7 633.6 678.2 699.8 646.6 439.0 273
86 429.7 760.2 740.9 687.5 736.9 387.3 637.5 693.1 751.2 776.5 274
86 626.0 719.9 723.6 635.7 602.6 781.0 786.4 787.5 788.4 789.4 275
86 790.2 790.9 787.6 718.4 593.3 560.7 576.1 630.4 686.7 493.7 276
86 616.8 585.5 680.4 768.3 792.8 707.5 622.9 791.2 606.8 687.8 277
86 713.4 511.3 218.4 403.6 476.4 637.6 782.0 700.9 486.2 777.4 278
86 658.1 722.6 751.3 736.5 671.6 706.7 763.9 761.6 759.3 756.9 279
86 415.7 503.9 438.7 575.7 505.1 580.2 738.1 735.1 695.6 670.0 280
86 725.7 613.1 703.6 715.7 712.2 386.5 584.5 664.7 542.6 492.3 281
86 513.5 686.1 662.1 678.1 674.0 615.9 521.3 576.3 324.4 355.3 282
86 349.7 488.2 527.0 423.3 497.4 566.2 620.6 534.0 496.0 606.2 283
86 601.3 596.4 557.9 404.2 581.4 488.1 540.9 370.7 369.2 521.7 284
86 440.5 545.3 540.0 491.7 529.4 376.4 518.8 418.0 508.1 438.2 285
86 268.6 357.8 291.8 348.7 278.0 244.3 321.7 398.6 293.5 130.0 286
86 329.6 259.5 412.1 338.2 261.5 240.0 244.6 293.5 301.4 293.7 287
86 189.9 145.1 131.8 96.0 294.5 267.2 247.5 183.6 277.2 315.3 288
86 210.3 172.2 196.3 201.3 151.9 216.5 175.8 77.4 61.1 166.9 289
86 296.9 58.6 231.8 189.5 236.2 268.7 253.6 233.5 67.9 198.8 290
86 51.7 254.9 231.1 210.4 85.6 77.1 159.8 230.7 227.3 173.2 291
86206.7 115.0 116.8 148.4 75.1 133.6 172.0 42.0 155.6 41.1 292
86 40.7 40.3 108.6 102.3 192.7 96.1 153.9 38.4 38.2 88.9 293
°06 44:9 122.3 125.4 110.6 73.2 88.5 36.7 102.7 49.0 66.1 294
86 36.3 36.3 36.3 118.4 123.7 36.3 108.3 36.4 36.5 36.6 295
86 36.7 36.8 92.7 110.2 133.8 98.0 0.0 0.0 0.0 0.0 296
87 37.6 128.4 68.8 153.3 155.4 84.0 121.6 137.4 132.9 116.9 297
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87 153.3 111.8 41.3 41.7 101.5 122.8 121.4 63.3 140.8 211.6 298
87 199.4 228.6 46.3 46.9 47.5 48.1 48.7 79.5 136.6 79.8 299
87 51.4 260.6 165.3 180.3 247.5 261.5 173.8 262.0 193.9 208.5 300
87 270.1 122.1 125.0 171.7 226.4 317.7 224.3 217.7 331.5 299.0 301
87 341.0 240.8 139.3 219.6 331.7 274.4 335.0 375.6 281.2 235.6 302
87 321.0 213.1 345.8 240.4 315.6 200.6 225.4 428.2 181.8 87.8 303
87 204.2 196.2 217.5 208.1 214.8 276.4 373.7 283.5 488.3 493.7 304
87 499.2 385.7 510.1 416.6 346.1 526.4 402.8 537.2 417.7 408.9 305
87 458,5 405,4 532,9 396,0 563,4 420.5 411.9 439.9 574.3 522.7 306
87 604.8 569.4 529.8 601.3 589.0 519.5 235.3 528.1 643.2 647.7 307
87 598.6 521.3 327.9 568.5 623.1 537.0 387.9 658.6 454.7 151.0 308
87 596.9 597.4 574.2 705.6 612.5 584.6 445.5 693.5 504.7 706.0 309
87 680.5 732.8 411.7 642.0 741.9 744.7 711.3 713.3 752.8 641.2 310
87 597.0 498.5 499.1 664.3 766.9 688.2 720.8 680.2 645.6 225.1 311

r-•_ 87 647.3 574.0 753.0 644.9 597.6 660.8 577.5 582.5 788.4 686.3 312
87 605.9 635.4 612.6 743.6 727.9 312.6 476.1 650.2 569.3 735.6 313
87 504.4 793.7 763.9 495.4 792.8 535.9 617.6 784.2 674.0 676.0 314
87 543.2 765.9 786.9 537.5 497.5 580.5 782.0 650.2 421.9 777.4 315

-r .`.-- 87 727.7 685,6 726.3 723,5 567 t Fa2 . 1 rdo z^ac 7 513.1 557.4. 316
• $7 451-0463_2497,97-11 9 669 i2 66^vo.-.

-C.^ c.2
652 A6 SJV

m e ^^1c7
J V Wl

z ' °. .

87 374.0 674.0 719.1 637.6 459.6 586.1 598.1 701.4 697.7 622.8
LJ /

318
87 378.2 639.4 682.1 678.1 666.0 470.6 665.6 661.3 624.2 366.3 319
87 432.2 545.3 561.6 613.4 406.6 487.7 568.7 469.6 325.9 393.0 320
87 gol 7 568 2 con c AQA o 471.7 568.6 434.7 436.5 560.9 555.7. . lVV.U 321
87 550.5 421.3 359.0 521.8 348.2 411.0 492.7 423,2 404.5 402.9 322
87 249.4 166.7 343.6 351.2 475.8 404.8 465.1 459.7 232.1 388.4 323
87 409.5 412.8 433.0 427.6 378.4 417.1 411.8 289.6 401.4 391.6 324
87 239.7 237.9 303.9 370.0 328.6 290.5 327.4 294.0 249.0 226.0 325
87 341.6 223.2 332.3 327.7 303.8 207.2 278.5 309.8 288.9 208.4 326

__-87 1733 254.0 298.7-139A - 85,6 193,7 144 8 121 8 130 6 113 2 327, . . .
87 182.2 170.2 159.4 236.7 49.0 48.4 47.7 182.3 209.5 194.8 328
87 149.1 108.6 48.5 107.0 142.1 154.6 181.5 133.5 151.9 115.2 329
87 40.7 116.0 125.1 39.6 39.3 39.0 38.7 38.4 38.2 37.9 330
87 71.6 125.4 37.3 87.8 87.4 59.8 92.3 73.8 36.5 36.4 331
07 102.6 13.5 12j.4 167.6 142.1 96.2 114.0 123.0 79.2 145.5 332
87 121.8 36.8 65.3 99.9 98.7 98.0 0.0 0.0 0.0 0.0 333
88 82.4 99.8 120.8 38.3 67.8 116.1 39.1 39.5 39.8 40.1 334
88 146.4 72.8 125.5 41.7 103.2 148.9 146.1 144.5 84.9 44.6 335
88 179.2 205.5 194.7 222.2 180.5 130.2 234.6 225.6 161.7 167.7 336
88 67.7 63.9 125.7 224.8 183.7 265.7 154.3 192.0 183.9 77.1 337
88 247.4 192.4 228.6 308.7 313.2 317.7 198.1 227.0 299.3 257.7 338
88 341.0 240.3 350.6 355.5 330.4 345.2 112.6 359.5 303.9 281.5 339
88 201.8 392.8 274.1 186.9 141.9 83.5 106.4 119.4 385.9 362.6 340
88 415.8 216.4 192.5 280.3 294.3 399.8 392.0 351.3 386.0 370.5 341
88 499.2 456.8 434.3 405.0 383.5 466.5 423.5 329.0 253.7 434.4 342
88 497.8 465.5 440.9 402.0 528.3 346.5 335.8 493.6 594.8 523.6 343
88 604.8 563.4 614.7 619.6 450.3 445.0 423.2 127.7 523.6 387.2 344
88 484.9 587.4 364.3 523.3 469.7 601.6 639.8 370.3 355.0 537.2 345
88 694.2 590.9 303.8 590.9 489.9 483.1 446.7 617.5 319.3 518,4 346
88 670.0 532.2 622.5 499.0 741.9 744.7 747.5 713.7 379.2 755.4 347

B-61



DOE/RL-93-99, Rev. 0

L-:.
,-ry

:`TMY^..^

s.. . ;

e-,...
,*-

88 511.4 550.0 762.5 764.8 676.9 737.8 727.6 651.5 470.9 649.1 348
88 676.7 682.7 307.2 536.7 687.1 510.0 721.5 642.7 751.6 753.7 349
88 738.0 666.0 791.6 732.8 581.1 668.6 667.0 661.2 765.4 779.6 350
88 613.3 565.5 793.5 793.2 792.8 685.9 761.8 791.2 776.9 789.8 351
88 542.4 725.8 479.2 747.9 784.6 710.0 612.7 780.5 779.0 618.5 352
88 710.1 593.9 571.4 619.3 298.4 766.1 687.7 761.6 759.3 740.5 353
88 655.5 693.8 706.0 545.8 638.8 648.4 696.8 657.6 397.8 616.6 354
$8-658.-1 695:0 $52:9 715.7 711:2 708.7 559.6 526.0 625.7 448.4 355
88 547.7 394.0 618.6 517.8 653.8 652.2 665.6 573.8 520.7 537.1 356
88 608.3 563.5 639.2 603.3 490.1 475.4 475.4 534.4 474.7 441.3 357
88 601.3 376.9 380.1 378.4 523.6 305.3 301.4 413.1 380.4 380.7 358
88 345.3 539.6 514.3 512.2 483.1 365.4 355.2 513.5 387.3 502.7 359
88 324.3 98.4 97.3 197.1 463.3 418.1 401.7 459.7 454.3 308.2 360
88 368.0 304.0 342.3 420.8 339.6 371.4 219.2 379.0 401.4 355.0 361
88 314.9 159.9 338.2 248.2 182.9 290.9 197.5 199.3 308.6 310.5 362
88 269.2 141.5 261.8 204.0 323.1 123.8 228.1 173.8 293.3 233.3 363
88 158.5 150.8 212.1 222.5 209.5 161.5 54.6 106.5 53.1 52.4 364
88 51.7 254.9 57.2 49.6 49.0 48.4 190.4 235.6 230.0 46.0 365
88 45.4 44.9 118.6 128.6 150.4 42.9 42.4 175.5 41.5 118.8 366
88 80.1 153.5 122.5 143.1 77.7 110.0 175.3 144.1 118.3 37.9 367
88 37.7 115.5 37.3 115.6 105.6 158.3 89.5 81.7 141.8 93.6 368
88 92.0 62.1 36.3 36.3 36.3 36.3 36.3 91.9 103.9 136.1 369
88 106.5 118.7 104.9 67.6 57.5 59.9 0.0 0.0 0.0 0.0 370
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APPENDIX C

ACCEPTABLE SOIL AND LEACHATE CONCENTRATION LIMITS

DOE-RL, 1993, Hanford Site Baseline Risk Assessment Methodology, DOE/RL 91-45, Rev. 2,
U.S. Department of Energy, Richland Operations Office, Richland, Washington.

DOE-RL, 1992, Hanford Site Groundwater Background, DOE/RL-92-23, U.S. Department of
Eneegy, Ricniand Operations Office, Richland, Washington.
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C.0 INTRODUCTION

JI°z
,..,._^
m.>

Of-

This appendix provides soil and leachate concentration limits for waste accepted at the
ERDF. These limits may be used to ensure that predicted human and ecological risks associated
with the ERDF design alternatives will be acceptable. The soil concentration limits ensure that
inadvertent ;ntnsion into the waste will not result in unacceptable risks to humans or ecological
receptors. The leachate limits ensure that groundwater contaminant concentrations below the
ERDF do not exceed acceptable concentrations and are used in Appendix A and Chapter 9 to
evaluate impacts to groundwater for the different alternatives. These soil and leachate limits
may be used to assist development of waste acceptance criteria for the ERDF. The development
of risk-based soil concentration limits is presented in Section C. 1 and the development of
acceptable leachate concentration limits is presented in Section C.2.

C.1 SOIL CONCENTRATION LIMITS

Acceptable soil limits are calculated assuming that active controls prevent intrusion for
100 years, passive controls prevent intrusion for 500 years, and a barrier thickness of at least 15
feet prevents-intrtesion dueao-excavation-for-at-least 10 000 years . L11(41GT'^°-°fore, the acceptable
soil concentrations are based on the drilling scenario in 500 years (described in Section 6.3).
The drilling scenario assumes that waste is brought to the surface in the form of drill cuttings
and eventually spread over an area of 100 m (328 ft) by 50 m(164 ft) to a depth of 15 cm (5.9
in.) for a total volume of 750 m3 (26,000 ft3). Assuming a drill bit diameter of 20 cm (7.9 in.)
and a waste thickness of 20 m(66 ft) the total volume of waste brought to the surface is 0.63
m' (22 ft3). Dividing the volume of surface soil by the amount of waste results in a dilution
factor of 1,190, which is rounded down to 1,000.

The parameters, pathways, and equations used to calculate acceptable soil exposure
concentration limits in surface soils are described in Chapter 6. Exposure limits for human
health are provided for all the contaminants detected in waste that might be received at the
ERDF (Tables 3-8, 3-9, and 3-10) and are based on an ICR of 1x10-5 and a HQ of 1.

-- -------- Exposure-limitsfor ecological-protection are r_Lnty-prnvided for the „ntPnriai rn.,r.,,,;.,,ants ofr.,._ ....... ..............
concern in soils (Table 5-8) and are based on NOAELs for the pocket mouse (see Chapter 6).
The exposure concentration limits are summarized in Table C-1. The limiting exposure
concentration for each contaminant is highlighted. In most cases, protection of human health is
the driving factor.

Acceptable soil concentration limits for ERDF waste are calculated from the limiting
acceptable exposure concentration assuming 500 years of decay and a 1,000-fold dilution and
are provided in .'able C-3.--T-hettecay-coefficients Uorthe constituents are provided in Chapter
4. Comparison with the maximum detected concentrations in the 100, 200, and 300 Area
wastes are also provided for reference. For all constituents except copper, the maximum
detected concentration is less than the acceptable soil concentration. The acceptable soil
concentration for copper (8,200 mg/kg) is approximately one order of magnitude less than the
maximum detected concentration.
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C: LF..^'.CHATE CONCENTRATION LIMTTS

Leachate concentration limits were calculated assuming the base-conditions groundwater
exposure scenario described in Section 6.1 and the fate and transport parameters presented in
(ltapter 4. This scenario assumed no liner and an infiltration rate of 0.5 cm/yr (0.2 in./yr). To
begin with, any constituent with a travel time greater than 10,000 years or a half-life less than
12 years would not present a risk to groundwater and was assumed to have an unlimited
leachate concentration limit. (Assuming a vadose zone travel time of at least 520 years, any
constituent with a half-life less than 12 years would decay to less than 1x10` of its original
concentration before itaeached groundwater). This screening step eliminated all the organics,
the short-lived radionuclides, and the moderately to strongly sorbing metals and radionuclides.

Risk-Based and ARAR-Based Groundwater Standards. Risk-based and ARAR-based
target groundwater concentrations were determined for the constituents that were not eliminated
in the screening step. The risk-based standards were determined using a target ICR of 1x10-'
and a HQ of 1, and were calculated for the groundwater ingestion and volatile inhalation
pathways, assumingHSBRAM MOE_-RL_ 19931 residential exnosure paramPtPrs. The
ARAR-based standards are the minimum ARAR from Table 7-5.

Risk-based groundwater concentrations for non-radioactive constituents are presented in
Table C-2. Minimum ARAR groundwater concentrations for non-radioactive constituents are
presented in Table C-3. Risk-based and minimum ARAR groundwater concentrations for
radionuclides are presented in Table C-4.

Acceptable Leachate Limits. Many contaminant concentrations will decrease during
transport through the vadose zone due to radiological decay, biological or chemical degradation,
or volatilization. In addition, contaminant concentrations are diluted when the contaminant
reaches the groundwater. These processes were accounted for using a modified version of the
fate and transport model presented in Appendix A. Whereas the original spreadsheet model
calculates leachate and groundwater concentrations based on bulk soil concentrations in waste,
the tnodifted-spreadsheet Yriodei performs the reverse calculation; that is, it calculates leachate
concentrations based on target groundwater concentrations. Soil concentration limits for the
waste that result in protection of groundwater were not calculated because of the large
uncertainties in waste release calculations.

The results are presented in Table C-5. In addition to presenting risk-based and
ARAR-based acceptable leachate concentrations, the table also indicates whether the constituent
travel time is greater than 10,000 years, whether the constituent decays in the vadose zone, and
the Hanford Site groundwater background value. An unlimited acceptable leachate
concentration indicates that no matter how high the initial leachate concentration, it would not

_----_result-in_an-unacceptable-impact-on groundwater-.-'Iheacceptable leachate concecitration may be
identift?das-unlimited be ause-its vadose zonofravel-fiimesgreater-than 10,"v00 years and/or
the constituent decays in the vadose zone. As discussed above, any constituent with a half-life
less than 12 years would decay in the vadose zone and was identified in the screening step as
having an unlimited acceptable leachate concentration. In addition, if the calculated leachate
concentration exceeds 1x1"u` mg/L, the acceptable leachate concentration was presented as
unlimited. This is because a pure substance has a density equal to its specific gravity times
1x106 mg/L (the density of water), and it is theoretically impossible for the concentration of a

- - - - - - - substance to exceed its density. Although some contaminants have densities greater than
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1x106 t::glL, it is unlikely that they would be mobile in their pure form. In reality, leachate
concentrations cannot exceed solubilities, which are generally less than lxlO' mg/L.

Most of the organic compounds in Table C-5 decay completely in the vadose zone
because of their relatively short half-lives. The remaining contaminants have travel times that
are greater 10,000 years. Thus, acceptable leachate concentrations are unlimited for all organic
compounds. This analysis assumed that organics would only migrate in the dissolved state;
migration of free product was not addressed.

As shown in Table C-5, the non-radionuclide inorganic constituents do not decay in the
vadose zone. However, several have travel times greater than 10,000 years. Acceptable
leachate limits were also compared to Hanford Site groundwater background for the inorganic
constituents. If the calculated limit is less than the background concentration, then the
acceptable leachate ltm.t was set equal to the background concentration. Arsenic was the only
constituent with a calculated acceptable leachate limit that was less than the Hanford Site
groundwater background value.... 9

As shown in Table C-5, most of the radionuclides decay completely in the vadose zone.
Generally, only those radionuclides with long half-lives reach groundwater at significant
concentrations. These include carbon-14, neptunium-237,potassium140, te:hnetium-99, -attd ^all
the uranium isotopes. However, the travel times for neptunium-237 and potassium-40 are
greater than 10,000 years and the acceptable leachate concentrations for these radionuclides are
therefore unlimited.
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Table C-ll. Acceptable Soil Concentration. (Sheet I of 7)

^

Acceptable Exposure Concentrations"' A<ceptable Maximum

CONSTITUENT
uman HealthHuman Ecological b

Conrentration

Detected
Concentration

Non-Carcinoj;en Carcinogen Ingestion Exteimal

-

ORGANIC (mg/kg) (mg/kg) (mg/kg) NA (mg/kg) (mg/kg)

Acenaphthene 4.6E+'03 NT Uplimited 8.513-01

Acetone 6.6E+03 NT Unlimited 2.8E+00

Anthracene 2.3E+04 NT Unlimited 6.3E+00

Aroclor-1248 . NT 7.213-01 8.113+01 Unlimited 1.013+01

Aroclor-1254 NT 7:2E-01 2.6E+02 7.413+02 6.413+00

Aroclor-1260 NT 7,2E-01 ` 1.613+02 7.413+02 2.313+00

Benz(a)anthracene NT 7.813-01 Unlimited 1.813+00

Benzene NT 7.0E+00 3.0E+01 Uxilimited 1.913-01

Benzo(a)pyrene NT 7.813-01 9.5E+00 2.5E+04 2.713+01

Benzo(b)fluoranthene NT 7.8E-01' Unlimited 2.413+00

Benzo(g, h,i)perylene NT NT 3.713+00

Benzo(k)Fluoranthene NT 7.8E-01 2.:5E+04 7.6E-01

Benzoic acid 3.1E+05 NT Unlimited 1.3E+00

BHC, beta- NT 3.2E+00 3.3E+03 7.8E-03

Bis(2-ethylhexyl)phthalate 1.513+03 4.113+02 4.013+02 Unlimited 3.3E+01

Butanone, 2-(MEK) 4.613+02 NT Unlimited 3.9E-01

Butylbenzylphthalate . 1.5H+04 NT Unlimited 2.613+00

Carbazole NT 2.913+02 Unlimited 5.4E-02

Carbon Disulfide 4.8E+00 NT Unlimited 2.013-01

Carbon Tetrachloride 4.613+01 4.013+00 Unlimited 8.0E-03
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Table C-1. Acceptable Soil Concentration. (Sheet 2 of 7)

n

Acceptable Exposure Concentrationsir Acceptable Maximum
CONSTITUENT

Human Heallth Ecolcgical
Waste b

Concentration

Detected

Concentration
Non-Carcinogen Carcinogen Ingestion External

Chlordane (gamma) 4.613+00 4.413+00 Unlimited 1.8E-02

Chloro-3-methyphenol, 4- NT NT Unlimited 3.8E-02

Chloroaniline, 4- ' 3.IE+02 NT Unlimited 6.3E+00

Chloroform 6.6E+02 1.0E+00 8.813+01 Unlimited 8.013-02

Chrysene NT 7.8E-01 Unlimited 4.3E+01

DDD, 4,4- NT 2.4E+01 7.613+05 1.1E-01

DDE, 4,4'- NT 1.713+01 5.413+05 1.713-01

Di-n-butylphthalate 7.7E+03 NT Unlimited 5.5E+00

Dibenz(a,h)anthracene NT 7.8E-01 Unlimited 1.7E+00

Dibenzofuran NT NT 5.0E-01

Dichlorobenzene, 1,3- ' NT NT 4.8E-02

Dichlorobenzene, 1,4- 9.7E+06 141i+02 Unlimited 5.1E-02

Dichloroethene, 1,2- (total) 6.013+02 NT Unlimited 1.013+00

Dieldrin 3.913+00 3.6E-01 1.413-01 Unlimited 2.1E-02

Diethylphthalate 6.2E+04 NT Unlimited I.OE+00

Ethylbenzene 2.3E+03 NT Unlimited 3.3E-01

Fluoranthene 3.1E+03 NT Unlimited 2.9E+00

Fluorene 3.1E+03 NT Unlimited 1.7E+00

Hexanone, 2- 4.6E+02 NT Unlimited 9.013-03

Indeno(1,2,3-od)pyrene NT 7.8E-0I Unlimited 1.613+00

Methoxychlor 3.913+02 NT Unlimited 8.313-02

0
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Table C-1. Acceptable Soil Concentration. (Sheet 3 of 7)

t7

Acceptable Exposure Concentrationsa Acceptable Maximum

CONSTITUENT
Human Health Ecological W4ste b

Concentration

Detected

Concentration

Non-Carcinogen Carcinogen Ingestion External

MeRhyl-2-pentanone, 4- 3.2E+01 NT Unlihnited 1.IE-02

Methylene Chloride 1.1E+03 4.6E+01 2.2E+01 Unliiauted 4.5E+00

Mel:hylnaphthalene, 2- 3.1E+02 NT Unlimited 1.3E+01

Methylphenol, 4- NT NT Unli mited 1.0E+00

Naphthalene 3.1E+02 NT Unlimited 4.1E+00

Nitrnsodiphenylamine, n- NT 1.2E+03 Unlimiteul 1.8E+00

Pen itachlorophenol 2.3E+03 4.8E+01 I.8E+03 Unlimited 1.5E+00

Phenanthrene 2.3E+03 NT Unlimited 3.9E+00

Phenol 4.6E+04 NT Unlimited 2.4E-01

Pyrene 2.3E+03 NT Unlit'nited 1.2E+01

Tetrachloroethane, 1,1,2,2- NT 4.0E-01 Unlimited 3.0E-03

Tetrachloroethene 7.7E+02 6.71H-f01 Unlimited I.IE+00

Toluene 3.4E+02 NT Unlimited 1.5E-01

Trichloroethane, 1,1,1- 4.8E+02 NT Unlimited 6.0E-03

Trichloroethene 4.0E+02 1.613+01 1.IE+03 Unlimited 3.9E-01

Vinyl Chloride NT 1:SE-01 Unlimited 2.4E-02

Xylenes (total) 1.3E+05 NT Unlirfdted I.IE+00

INORGANIC (mg/kg) (mg/kg) (mg/kg) NA

Aluminum 4.7E+04 NT 1.8E+03 Unlimited 7.8E+04

Ammonia 4.6E+01 NT 4.6E+04 1.4E+02

Antimony 1.9E+01 NT 3.2E+01 1.9E+04 1.9E+01
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Table C-1. Acceptable Soil ConceniFration. (Sheet 4 of 7)

n

Acceptable Exposure Concerntrationsa Acceptable Maximum
CONS'TITUENT

Human Health Ecological
Waste

I.
Concentration

Detected
Concentration

^--
Non-Carcinogen Carcinogen IngRstion External

,
Arsenic 2.413+01 3.0E+00 2.0E+02 3.013+03 6.2E+01

Barium 2.513+03 NT 9.48+02 9.413+05 I4.3E+03

Beryllium 1.7Et02 2.6E-0 1 9.98+03 2.6E+02 4.7E+00

Cadmium 7.013+01 3.913+02 3.9E:+01 3.9E+04 2.9E+01

Calcium NT NT 9.5E+04

Chloride NT NT 1.913+02

Chromium (VI) 3.7E+02 5.9E+01 1.5Ei+04 5.9E+04 2.5E+03

Cobalt 4.2E+03 NT Unlimited 9.013+01

Copper 3.213+03 NT 8.2E!t00 8.213+03 9.513+04

Fluoride 4.8E+03 NT Unlimited 4.0E+01

Iron NT NT l.8Et05

Lead NT NT 2:4E+03 7.5E+02

Magnesium NT NT 5.0E+04

Manganese 1.1E+04 NT 4.4Ei+02 4.4E+05 3.1E+03

Mercury 1.8E+01 NT 3.3E+00 3.3E+03 3.713+01

Nickel 1.413+03 NT 1;1E.+03 Unlimited 1.813+03

Nitrate 7.9Et03 NT Unlimited 1.313+02

Nitrite (N02 as N) 7.9E+03 NT Unlimited 2.9E+00

Potassium NT NT 1.3E+04

Selenium 4.0E+02 NT 4.013+05 1.1Et01

Silver 3.5E+02 NT 2.4E+03 3.5E+05 3.6E+02
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Table C-1. Acceptable Soil Concentration. (Sheet 5 of 7)

A
^O

Acceptabl e Exposu re Concentrationsa Acceptable
'

Maximum
CONSTITUENT

Human Health Ecological
Waste

Concentrationb
Detected

Concentration
Non-Carcinogen Carcinogen Ingestion External

Sodium NT NT 2.613+03

Strontiutn 4.7:E+04 NT Unlimited 3.113+01

Sulfate NT NT 7.113+03

Thallium 5.6E+00 NT 5.613+03 5.413+00

Vanadium 3.313+02 NT 1.613+03 3.3E+05 3.9E'+02

Zinc 2.4E+04 NT 3.013+02 3.OE+d5 6.2E+03

RADIONUCLIDES NA (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)

Americium-241 1.5E+01 3.4E+08 1.3E+08 3.4E+04 3.4E+01

;Barium-140 7.7E-0 1 2.313+07 5.913+06 Unlimited 4.0E+02

$erylliunn-7 2.813+00 7.9E+10 2.IE+07 Unlimited 9.0E+01

rbon-14 8.513+03 4.3E+04 4.4E+11 9.0E+06 6.413+02

Cerium-141 3.2E+00 1.9E+10 1.913+07 Unlimited 3.0E+00

urerium-144 1.6E+01 5.413+08 8.313+07 Unlimited 5.0E-01

Cesium-134 8.0E-02 1.713+05 6.4E+05 Unlimited 5.6E+01

Cesium-137 2.113-01 1.513+05 1.713+06 2.013+07 I.IE+05

Chromium-51 4.5E+00 3.613+09 3.513+07 Unlimited 3.513+00

Cobalt-58 1:3E-01 7.5E+07 1.0E+06 Unlimited 1.4E+01

Cobalt-60 4.813-02 2.513+07 3.8E+05 Unlimited 1.113+04

Europium-152 1:2E-01 1.213+09 8.713+05 1.3E+13 2.913+04

Europium-154 1.013-01 4.7E+08 7.913+05 Unlimited 9.2E+03

Europium-155 7.113+00 2.4E+09 3.313+07 Unlimited 9.6E+03
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Table C-1.. Acceptable Soil Concentration. (Sheet 6 of 7)

Acceptable Exposure Concentrationsa Acceptable Maximum

CONSITTUENT -
Human Health Ecological

W'giste
b

Concen4ration

Detected
Concentration

Non-Carcinogen Carcinogen Ingestion External

Hydrogen-3 1:4E+05 4.3E+05 NT Unlimited 2.9E+iu4

Ironr59 1.0E-011 1.5E+08 8.OE+05 UnGiipiited 1.0E+00

Mangapese-54 1.4Ed)1 2.9E+07 1.2E+06 Unlimited 7.0E-02

Neptur}ium-237 9.2E-01 9.2E+02 6.9E-03

Niclce1-63 3.1E+04 1.1E+07 NT 9.7E+08 6.2E+04

Plutoni,um-238 1.8E+01 1.9E+07 3.8E+10 9.1E+05 1.4E+02

Plutmnium-239/240 1.7E+01 2.0E+07 3.9E+10 1.8E+04 2.8E+03,

Pota'ssium-40 7.7E-01 7.7E+02 3.3E+01

Radiumr226t1) 6.9E-02 1.4E+05 5.4E+05 8.6E+01 4.3Et01

Radiurn-228 1:4E-01 1.4E+02

Ruthen4um-103 2.8E-01 1.5E+08 2.2E+06 Unlimited 1.0E+00

Ruthenium-106 2.3E+03 1.5E+08 2.2E+06 Unlimited 8.0E-01

Sodiium-22 5.8E-02 6.1E+05 4.SE+0S Unlimited 9.9E+00

Strontium-90+D 2.IE+02 5.7E+03 2.5E+08 3.8E+10 2.0E+O13

Technetium-99 5.6E+03 5.6E+06 l. l E+OO

Thorium-228+D 7.4E-02 5.9E+07 6.0E+05 7.4E+01 1.7E+01

Thorium-232 4.6E+01 6.8E+07 1.IE+10 4.6E+04 3.68+00

Thorium-234 1.1E+02 Unlimited I.OE+00

Uranium-233/234 4.6E+00 4.6E+04 2.1E+03

Uranium-235 1.7E+00 1.7E+03 6.4E+02

Uranium-238+D (total) 7.8E+00 1.5E+06 5.3E+05 7.8E+03 9. IE+00
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Table C-1. Acceptable Soil Concentration. (Sheet 7 of 7)

Acceptable Exposure Concentrationsa Acceptable Maximum
CONSTITUENT

Human Health Fa ological
Waste ^

Concentratianb

Detected

Concentration
Non-Carcinogen Carcinogen Ingestion External '

Zinc-65 2.1E-0I 4.8E+04 1.7E+06 Unlimited 3.0E-01

Zirconium-95 1.7E-01 8.4E+09 1.4E+06 Unlimited 5.6E-01

a Acceptable exposure concentrations do not account for decay' or dilution.

b Acceptable waste concentrations are derived from the smallest acceptable exposure concentration, and account for a 1,000-fold
dilution and 500-year decay. "Unlimited" means that, for organic or inorganic wastes, the acceptable waste concentration
exceeds 1E+06 mg/Ikg. For radioactive wastes, 'Llnlimited" means that the acceptable waste concentration exceeds the
specific activity for the associated radionuclide.
NT = No toxicity inlPormation.
NA = Not applicable. _
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Table C-2. Risk-B4 sed Groundwater Concentrations for Inorganic Crnnstituents
!

ll.amiting ---

Constituent GroNndwater Groiindwater In estion Groundwater Inhalation (volatiles)
Contentration Oral RfD RBC Oral SF RBC Inhal. RfD RBC Inhal. SF RBC

(mg/L.) (m g-d) (rng/L) (m g-d)-1 (mg/L) volatile? (m /kg-d) (mg/l.) (m g-d)-1 (mp/f.)
antimony 6.4E-03 4.OE-04 6A:E-03 no tox no tox no no t vol not vol not vol not vol

arsenic 4.1E-04 3.OE-04 4.8E-03 2.0E+00 4.1E-04 no no t vol not vol not vol not vol

chromium (VI) BLOE-02 5.OE-03 8.0E-02 no tox no tox no no t vol not vol not vol not vol

fluoride 916E-01 6.OE-02 9.6E-01 no tox no tox no no t vol not vol not vol not vol

nitrate (as N) 45.6E+01 1.6E+00 2.61E+01 no tox no tox no notvol not vol not vol not vol

nitrite (as N) 1.6E+00 LOE-01 1.61E+00 no tox no tox no no t vol not vol not vol not vol

selenium 8.0E-02 5.OE-03 8.OE-02 no tox no tox no not vol not vol not vol not voll

NOTES:

Target ICR = 1E-05; Target HQ = 0.1

no tox = no toxicity factor avaflable for this contaminant pathway.

not vol = not a volafile compound.

RBC = risk-based concentration

RfD = reference dose

SF = slope factor
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Table C-3. lvtnimum Groundwater ARARs for Inorganic Constituents

Constituent Minimum
ARAR (a)

(M
antimony 6.OE-03

arsenic 5.2E-05

chromium 1.8E-02

fluoride 9.6E-01

nitrate (as N) 1.0E+01

nitrite (as 1.0E+00

selenium 5.0E-02

NOTES:

(a) Based on Table 7-5.
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Table C-4. Risk-Based and Minimum ARAR Groundwater Concentrations for Radionuclides

Risk Based Minimum
RADIONUCLIDES Conc. (a) ARAR (b)

Ci/I Ci/L
carbo.^.-1+1-- - -- - r1r1^^J. 1 TV4 2.OE+03
tec.^,eu.:.:.-9O 35E+02 9.OE+02
tritium 8.5E+03 2.OE+04
i^ran»uv-^3y92-3¢ 29E+01 3.OE+02

uranium-235 + D 2.9E+01 3.OE+02
uranium-238 1.6E+01 3.OE+02

NOTES:

;a) Targ2tl^
(b) From Table 7-5.

Only the groundwater ingestion pathway is evaluated. The inhalation
pathway is not considered for radionuclides since they are not volatile.

Only carcinogenic risk is considered.
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Table C-5. Acceptable Leachate Concentration Limits

..,^

^
,._.s

^,... 4

ONSTITUENT

Risk-Based

Leachate

Concentration

(mg/L)

ARAR-Based

Leachate
Concentration

(mg/L)

Travel Time
> 10,000
vrs?

Decays
in Vadose
Zone?

Hanford Site
Groundwater

Background
(m

ORGANIC

Acena hthene unlimited unlimited yes es -
Acetone unlimited unlimited no es -
Anthracene - unlimited unlimited yes yes -
-Ar^oclor-1248 unlimited - unlimited yes yes -
Arocior-12ri unlimited unlimited yes yes -
Aroclor-1260 unlimited unlimited yes yes -
Benz(a )anthracene unlimited unlimited yes yes -
Benzene unlimited unlimited no yes -
Benzo a ene unlimited unlimited yes es -
Benzo fluoranthene unlimited unlimited yes yes -
Benzo ,h,i e lene unlimited unlimited yes yes -
Be,^,zo'k-€}uorantheti^ - ftn;m;{eu --- unlimited yes yes -
Benzoic acid unlimited unlimited no yes -
BHC, beta- unlimited unlimited yes no -
Bis 2-eth lhex I hthalate unlimited unlimited yes yes -
Butanone, 2- (MEK) unlimited unlimited no yes -
Bu ]benz 1 hthalate unlimited unlimited no yes -
Carbazole unlimited unlimited yes yes -
Carbon disulfide __-u--talimited unlimited -- - no - - yes
Carbon Tetrachloride unlimited unlimited no yes -
Chlordane (gamma) unlimited unlimited es es -
Chloro-3-meth henol, 4- unlimited unlimited no yes -
Chloroaniline, 4- unlimited unlimited yes yes -
Chloroform unlimited unlimited no yes -
Chrysene unlimited unlimited yes yes -
DDD, 4,4- unlimited unlimited yes yes -
DDE, 4,4'- unlimited unlimited yes yes -
Di-n-bu 1 hthalate unlimited unlimited yes yes -
Dibenz a,h anthracene unlimited unlimited yes yes -
Dibenzefuran ----- - - utr4imited -unlimited yes yes
Dichlorobenzene,1,3 unlimited unlimited no yes -
Dichlorobenzene, 1,4- unlimited unlimited no yes -
Dichloroethene, 1,2- total unlimited unlimited no yes -
Dieldrin unlimited unlimited yes yes -
Dieth 1 hthalate unlimited unlimited no yes -
ELh°Ibenzene unlimited unlimited no es
Fluoranthene unlimited - unlimited yes yes -
Fluorene unlimited unlimited es yes -
Hexanone, 2- unlimited unlimited no yes -
Indeno 1,2,3-cd rene unlimited unlimited yes es -
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Table C-5. Acceptable Leachate Concentration Limits

.w.°i

,1;>

:-*...
^:e^-- -

ONSTITUENT

Risk-Based
Leachate

Concentration

(mg/L)

ARAR-Based
Leachate

Concentration
(m

Travel Time
> 10,000

yrs ?

Decays
in Vadose
Zone?

Hanford Site
Groundwater

Background

(MgfL)
Methoxychlor unlimited unlimited yes yes -
Meth l-2- entanone, 4- unlimited unlimited no yes -
Meth lene Chloride unlimited unlimited no yes -
Meth lna hthalene, 2- unlimited unlimited yes yes -
Meth 1 henol, 4- unlimited unlimited no yes -
Naphthalene unlimited unlimited es es -
Nitrosodi hen lamine, n- unlimited unlimited yes yes -
Pentachlorophenol unlimited unlimited yes yes -
Phenanthrene unlimited unlimited yes yes -
Phenol unlimited unlimited no yes -
Pyrene unlimited unlimited yes yes -
Tetrachlnrnethane,1,1,2,2- unlimited unlimited no yes -
Tetrachloroethene unlimited unlimited no yes -
Toluene- unlimited unlimitr ri no es

Trichloroethane,1,1,1- unlimited unlimited no yes -
Trichioroethene unlimited unlimited no yes -
Vinyl Chloride unlimited unlimited no yes _
:[ ienes (total) unlimited - un lmlte no es -

INORGANIC
Aluminum unlimited unlimited yes no ND
Ammonia unlimited unlimited yes no 1.20E-01
Antimony 1.IE-01 1.0E-01 no no -
Arsenic 1.0E-02 (a) 1.0E-02 (a) no no 1.00E-02
Barium unlimited unlimited yes no 6.85E-02
Beryllium-.._... Ln.li.^it.: .°d_ _ Ln1:...:tm..i^_._..u^ yes no ND
Cadmium unlimited unlimited yes no ND
Calcium unlimited unlimited yes no 6.36E+01
Chromium (VI ) 1.3E+00 3.0E-07 no no ND
Cobalt unlimited unlimited yes no -
Co er unlimited unlimited yes no ND
Fluoride 1.6E+01 1.6E+01 no no 7.75E-01
Iron unlimited unlimited yes no 8.60E-02
Lead - -------------- - --unlimited unlirSted yes no ND
Magnesium unlimited unlimited yes no 1.65E+01
Manganese unlimited unlimited yes no 2.45E-02
Mercury unlimited unlimited yes no ND
Nickel unlimited unlimited yes no ND
Nitrate 43E+02 1.7E+02 no no 1.24E+01
Nitrite(N02asN) 2.7E+01 1.7E+01 no no -
Potassium unlimited unlimited es no 7.98E+00
Selenium 1.3E+00 8.4E-Ol no no ND
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Table C-5. Acceptable Leachate Concentration Litnits

ONSTITUENT

Risk-Based
Leachate

Concentration

(mg/L)

ARAR-Based

Leachate

Concentration

(mg/L)

Travel Time
> 10,000

?

Decays
in Vadose

Zone?

Hanford Site
Groundwater

Background
m

Silver unlimited unlimited yes no ND
Sodium unlimited unlimited yes no 3.35E+01
Strontium unlimited unlimited yes no 264E-O1
Thallium unlimited unlimited yes no _
Vanadium unlimited unlimited yes no 1.50E-02
Zinc unlimited unlimited yes no ND

RADIONUCLIDES Ci/L
Americium-241 unlimited unlimited yes es -
Barium-140 ----- unlimited unlimited_- ves es
Be ]lium-7 unlimited unlimited es es
Carbon-14 9.1E+03 3.6E+04 no no
Cerium-141 unlimited unlimited yes yes -
Cerium-144 unlimited unlimited yes yes -
Cesium-134 unlimited unlimited yes es -
Cesium-137 unlimited unlimited yes yes -
Chromium-51 unlimited unlimited no yes -
Cobalt-58 unlimited unlimited yes yes -
Cobalt-60 unlimited unlimited yes yes -
Euroium-152 unlimited unlimited yes yes -
Euro ium-154 unlimited unlimited yes yes -
Euro ium-155 unlimited unlimited yes yes -
Iron-59 unlimited unlimited es yes -
Manganese-54 unlimited unlimited yes yes -
Neptunium-237 unlimited unlimited yes no
Nickel-63 unlimited unlimited yes yes -
Plutonium-238 unlimited unlimited yes yes -
Plutonium-239/240 unlimited unlimited yes yes -
Potassium-40 unlimited unlimited yes no -
Radium-226 unlimited unlimited yes yes -
RLrhe^iym-1V,^. -- unhacu

r-.•
uniimited yes yes -

Ruthenium-106 unlimited unlimited yes yes -
Sodium-22 unlimited unlimited yes yes -
Strontium-90 unlimited unlimited yes yes -
Technetium-99 6.OE+03 1.5E+04 no no -
Thorium228 _ unlimited unlimited yes yes -
Thorium-232 unlimited unlimited yes yes -
Thorium-234 unlimited unlimited yes yes -
^--*.um unlim•.ted -

_
uriiu^

:.j
ncu Ii0 es

Uranium-233/234 4.8E+02 5.IE+03 no no -
Uranium-235 4.8E+02 5.OE+03 no no -
Uranium-238 2.8E+02 5.OE+03 no no -
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Table C-5. Acceptable Leachate Concentration Limits

Risk-Based ARAR-$ased Hanford Site
Leachate Leachate__ ^__TravelTime_ Decays------ - Groundwater

Concentration Concentration > 10,000 n Vadose Background
CONSTITUENT (mg/L) (mg/L) s?

-

Zone? m
Zinc-65 unlimited unlimited yes yes -
Zirvonium-95 unlimited unlimited yes yes -

NOTES:
(a) Limiting concentration based on Hanford Site Background (DOE/RL 1992)
ND = Not detected.
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APPENDIX D

LEACHATE GENERATION MEMO
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MEMORANDUM

TO: Kevin Kelly, MW Richland December 15, 1993
Larry Aennntt_; MW Boise

Project File

FR: Frai^k .^iiiuiy vAi RediaiGnd q^_"

RE: ERDF LEACHATE VOLUME ESTIMATES, Job No. 923A024

Two estimates of leachate production at the ERDF have been performed for different purposes.
This memo will discuss those estimates, including background, assumptions, results, and

''---appucanons.

i..,v

1. LEACHATE PRODUCTION AFTER INTERIM CLOSURE

} This study was performed as part of the Trench Operations Sequence Engineerine
S 14$ICC.-SD-VJ296-ES-Oi, 1993 iOS Studyl. The objective of the analysis was to determine
whether a low-permeability layer would be required in addition to the 2-foot-thick interim soil

^-, cover that will be placed over the waste once a particular portion of the ERDF trench has been
filled. The purpose of this interim cover is to provide containment against dispersion of
contaminated soil due to wind, traffic, animals, etc. prior to construction of the Hanford Barrier.
This cover will consist of soils excavated from the ERDF trench, probably silty fine sands, and

-conseqi:erf^tiy is-nef ezpected-to have a-low-permeability. --Aearesult; some precipitation could
infiltrate the waste and form leachate which wou-l-d-be-cQllectedby the liner system and
removed by pumping. There is no regulatory requirement for RCRA Subtitle C facilities to have
a low-permeability interim cover prior to installation of the final closure cover (the Hanford
Barrier). However, it may be desirable to install such a cover to limit the amount of leachate
that must be treated and thus reduce ERDF operational costs. Hence, the analysis for the TOS
Study consisted of a comparative analysis of the costs of installing a low-permeability liner vs.
treating leachate. The cost for treating leachate is of course strongly dependant on the volume
of leachate.

To estimate the average annual volume of leachate, the Hydrologic Evaluation of Landfill
Performance (HELP) model Version 2.05 was used. The HELP model is accepted by EPA and
is probably the most widely-used tool for determining the performance of landfill covers. It is
intended primarily as a screening tool for comparing the performance of several potential cover
designs, and the authors of the model caution against using it as an absolute predictive tool.
veveasheless; it ineasrpcrates marty of the physicaf-processes that govern water balance in
landfill covers, and it has been verified against field data. Consequently it is considered useful
for conceptual level estimates such as the TOS Study.

For the modelling done as part of the TOS Study, the following assumptions were used:

1. The interim soil cover is 2 feet thick

2. The interim soil cover was modelled with permeabilities of 10'', 10', and 10'
cm/sec. This is considered to represent the range of permeabilities that can be

D-1
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expected from the fine-grained ERDF soils. - For comparison -purposes,- a
permeability of 10' cm/sec is characteristic of a fairly clean silt, which is finer
grained than any material identified to date at the ERDF site. A value of 10''
cnVsec represents a clean sand. To place this value in perspective, the Minimum
Technology Requirement for the drainage layer in a RCRA Subtitle C landfill is
10' cnt/sec, only 1 order of magnitude higher.

3. Porosity, field capacity, and wilting point for the interim cover were HELP
default values for sand.

4. The waste layer is 70 feet thick.

5. The waste has a permeability of 1.6 x 10' cn-Vsec This material is modelled as a
gravelly sand; the permeability value was determined by Westinghouse Hanford
Company in The Results of Laboratorv Tests to Determine the Physical
Proverties of Various Barrier Construction Materials. WHC-SD-ER-DP-006, Rev.
0,1993. This value was also used by the U.S. Army Corps of Engineers (USACE)
for HELP modelling of long-term leachate generation as described in the

Environmental Restoration Storage and Disnosal Facilitv DOE/RL/12074-13 Rev.
0, 1993 (TEB Study). This relatively high permeability value allows any water
that passes through the interim cover to reach the liner system relatively rapidly,
and is thus considered conservative.

6. Porosity, field capacity, and wilting point for the waste were HELP default values
E- -
ror graveiiy sand.

The initial moisture content of the waste was set equal to the field capacity of
0.045. In other words, it is assumed that the waste contains the maximum
amount of water that it can hold and has no additional capacity to store
infiltration. This is considered a conservative assumption.

8. The initial water content of the interim cover was determined by the HELP
model at 81% of the field capacity.

9. An SCS runoff number of 77 was assigned to the interim cover. This
corresponds to bare soil, and is the most conservative condition.

10. The maximum leaf area index was assumed to be zero, i.e., no vegetation. This
is a lower bound condition that does not allow for moisture removal by plant
transpiration. If grasses were planted on the interim cover, this assumption
would be very conservative.

11. The evaporative zone was assumed to be 18 inches deep, based on previous
HELP modelling for the Hanford site (DOE/RL 88-20 Low-Level Burial Grounds
Dangerous Waste Permit Application 1989).

12. Daily temperature and precipitation data for the Hanford site for the years 1979
through 1988 were used in the modelling. The average annual precipitation
during this time was 7.08 inches, compared with the long-term average of 6.25
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inches (Permanent Isolation Surface Barrier: Functional Performance, WHC-EP-
0650, 1993). Hence, the modelling represents a realistic to slightly conservative
mnSfiiro innnt. ^ ..

13. Solar radiation data for Yakima, Washington, were used. These values were
provided by the HELP program.

The results of the modelling showed that annual leachate production at the bottom of
the waste layer ranged from 1.1 inches for the 10'' crn/sec interim cover down to 0.7 inches for
the 10'' interim cover. These results are equivalent to 30,000 gallons/acre/year and 19,000
g/adyr, respectively.

Another approach for estimatinlt_leachat-e_is actualexperience at commercial hazardous
waste sites. As described in the TOS Study, leachate volumes at the Arlington, Oregon, facility
from a landfill comparable to the proposed ERDF have ranged from about 3,000 g/ac/yr to 5,000
g/adyr. It should be noted that the Arlington site receives an annual rainfall of about 10.6
inches, 70% higher than Hanford. The difference between the Arlington results and the HELP
modelling results is attributed to the many conservative assumptions used in the HELP
modelling, particularly with respect to storage capacity of the waste. Assuming the upper limit
of the Arlington data (5,000 g/ac/yr) and a lined trench area of 88 acres at the end of Project
W296, the .:.axi.:^um annual leachate production is estimated to be 440,000 gallons.

Comparative cost analyses indicated that even the least expensive low-permeability layer
in the interim cover (a geomembrane) was economically justified only if both leachate volumes
and leachate treatment costs were at the high end of reasonably expected ranges. Based on
engineering ;udgement and, the Ardington-data, it is pr,ssible that actual leachate volumes will---
be much lower than those predicted by the HELP modelling. This will depend to a large extent
on the grain-size and moisture content of the waste placed in the ERDF, which is not well
defined at the present time. Because a geomembrane can be installed after the interim cover

..en ........ ,..,.,zs-in placewith no s1b^nc_^n* -°^^n^nuc penalty, there is no requirement to install it at the same
time as the interim cover. Hence, a "wait and see" approach was recommended, where actual
leachate volumes would be monitored during the first few years of ERDF operation and a
decision on a low-permeability interim cover would be made at that time.

2. LEACHATE PRODUCTION DURING ACTIVE LANDFILL OPERATIONS

Leachate production during the active phase of landfill operations, i.e., prior to
placement of the upper interim cover, was also estimated. This estimate was required for sizing
the storage and treatment facilities that would be required at the ERDF site. In contrast to the
approach used above where long-term average values for leachate generation are important,
the operational phase estimate considered the 25-year, 24-hour storm as a maximum design
event that would dictate storage and treatment capacity. A single large storm event is expected
to produce the most severe requirements for timely removal of leachate from the landfill (see
60% ERDF CDR, Conceptual Design Report for the Environmental Restoration Disposal Facility,
60% Draft DOE/RL/12074-28 Rev. 0, 1993). This approach is consistent with RCRA Subtitle C
requirements which specify use of this storm for design of runon and runoff facilities. This
approach has also been used - and accepted - for the one existing RCRA Subtitle C landfill on

---- ------------ the Har+.ford-site,-the P€oject-W-025larrdfili-(see Desigii Report; Project W-'ii5,-Radioactive Mixed
Waste (RMW) Land Disvosal Facility, Non-Drag-Off, WHC-SD-W025-FDR-001, Rev. 1, 1992).
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The 25-year, 24-hour storm depth at the Hanford site is 1.56 inches (see W-025 Design

Report). Water from any area that collects this rainfall event must be treated if it comes in

contact with waste. For sizing the ERDF leachate storage and treatment system, it was assumed

that precipitation falling on interim cover did not form leachate, but was entirely removed

through evapotranspiration. It was also assumed that any precipitation falling on uncovered

waste or on the liner system was converted entirely into leachate. It is recognized that both of

ta`zese assumptio.ns_are simpli.Scations_ of the acival processes, _but such an approach is

considered adequate at this stage of design.

As described in the 60% CDR, the ERDF landfill will be developed as a number of
hydraulically isolated cells to limit the amount of leachate that is produced. The amount Qf
leachate therefore depends on the number of cells which are open and contain waste at any
given time. A proposed filling sequence is presented in the TOS study. Based on this
approach, a reasonable "worst-case" scenario for leachate generation is to have two comer cells
and one side cell approximately half full of waste, as shown on the attached Figure 3-6. Earlier

-^------- ------- in-the operation,-fe-wer cells willf be developed, and later in the operation, more interim cover
will be in place. The calculated volume of leachate from the design storm falling on this

Lr configuration is approximately 800,000 gallons, as shown on the attached calculation sheet.
E_,,

-..J
As described in the CDR, leachate will be stored in two tanks (plus a third backup tank)

with 400,000 gallons capacity each._Forillustrative-purpnses, each tank would be 150 feet in
diameter and 3 feet deep. This is not considered a particularly large or costly tank, and
consequently additional tanks could be added at a later date with little impact to the project if
the need arises. The system is designed so that the full contents of both tanks can be pumped
to the leachate treatment facility in 120 days at 6 hours per day. This provides substantial
excess capacity.

3. SUMMARY

--- -- -- ------ ----- ----- Twatyges of leachate product!on estimates for the ERDF have been performed to date.
Each has a different purpose. Long-term average leachate generation rates were evaluated
using the HELP modeL This study indicated that a low-permeability interim cover was not
economically justified unless both the volume and unit cost of leachate treatment were relatively
high.

-- Leachate-generatian-rates during-active-landfill operations were estimated-irrorder to
size the leachate storage and treatment system. For this purpose, a single large storm event,
rather than average long-term rates, will control facility requirements. This approach is
consistent with regulatory requirements and previous work at the Hanford site. The design in
the 60% CDR is based on this approach.

It is recognized that a number of uncertainties exist that can significantly influence
leachate generation estimates. However, many of these uncertainties will not be resolved until
waste is actually received at the ERDF, well beyond the end of the design process. To allow
design to proceed, reasonably conservative values have been used as leachate estimates.
However, it is considered desirable to avoid incurring excessive capital costs in the initial phases
of the-projeh by corstnncti:g fac!liies -large enough to accommodate all conceivable
contingencies. Consequently, there is some risk that additional leachate system capacity may
need to be added in the future. Such capacity would consist of additional storage tanks,
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treatment units, or other facilities that could be added with little impact to the existing plant.
The net consequences of such future additions are considered relatively minor.

The analyses described here are simple approachessuitable for conceptual-level scoping
calculations. Issues related to the leachate storage and treatment system will be reviewed in a
greater level of detail during the Definitive Design phase of the ERDF. More comprehensive
modelling is planned to better define expected leachate volumes and required treatment plant
capacity.

leachate.w51

D-5



^ • •:'(^'i ^ i^i'. '.,i.'•;:^i;:•; :;l':'tl';:r'.'•:^'.' .^

u>z,;as :i?:•:'.;:i'':.

^_:::^.t,:i.,;..

.'•'.`.?•.:.`:

, ;; ^..;..^.^!..•.

,iC;`,','•.`
.

q WASTE
<s;^.ili.Yrry2s

. .
^5^^y..^^^.^::'•^'.

i

" i i

jitpj

^•L

:

,'u

j

13 1 ^^^1

^^ :^:^:'•':::^^'^'^•.'•:^^.':• ^:^.:' ^ :': '

INT•RIM COVER
:. : :

•;CEtL'•:•^3?:^`):^`^:^:.
:fl: S.,.i. AN SOIL)(

/

T ixr ri;

y n
; ...

ixK1 1!:• ya_^^yS.^ii
----

:Nin^;•hp ^^:y^,1 .y =

"

;;f •

„`' .,.,.
st^'J^7 5^'ii`6:

1
iv^^Lf

. i5 •

3 .3:

rN^N^'^Y2r'^S%r ,^̂yEy^C'>."v ,

^^•^.1! .i^1„.
^,

•^ S^sSl^r*

1 'x•^ y +
^
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